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INTRODUCTION

INTRODUCTION
This is the second in a series of reports on "Proposed New and
Revised Water Quality Objectives". The first report was published in
September 1976 and a public hearing was held by the Commission on the
first set of proposed objectives [Group 1] in December 1976 at Windsor,
Ontario.
This report contains additional objectives [Group 2] that were
still under the review by the Water Quality Board at the time of the
public hearing. Group 2 includes nine objectives that were deferred by
the Water Quality Board for further study during 1976 and three that
were proposed by the Water Quality Objectives Subcommittee and adopted
by the Water Quality Board in June 1977. The Great Lakes Water Quality
Board recommends these objectives [Group 2} to the International Joint
Commission for adoption by Governments as a part of the Great Lakes
Water Quality Agreement.
 
GROUP 2 — CURRENTLY RECOMMENDED BY WQB
 
NEW AND REVISED WATER QUALITY OBJECTIVES RECOMMENDED
BY THE BOARD TO THE COMMISSION FOR ADOPTION
BY THE GOVERNMENTS
E
Copper Guthion Ammonia
Iron Parathion Hydrogen Sulfide
Nickel Cyanide Temperature
Silver Dodecachloro- Chlorine
pentacyclodecane
[Mirex]
The Commission will review the objectives proposed by the Water
Quality Board together with comments from the general public in making
its decision whether to recommend or not recommend adoption by the
Governments of Canada and the United States of these objectives as part
of the Great Lakes Water Quality Agreement.
Group 1, new and revised objectives which were previously
recommended by the Water Quality Board are shown on the next page.
Additional objectives and revisions to existing objectives will be
recommended as the Board continues to define the cooperative actions
deemed necessary to restore and enhance the water quality in the Great
Lakes.
 
 GROUP 1 — PREVIOUSLY RECOMMENDED BY WQB
(PUBLIC HEARING HELD DEC. 76)
NEW AND REVISED WATER QUALITY OBJECTIVES
Aldrin Lead
Chlordane Mercury
DDT and Metabolites Selenium
Endrin Zinc
Heptachlor Fluoride
Lindane Pesticides General Objective
Methoxychlor Diazinon
Toxaphene Oil and Petrochemicals
Phthalic Acid Esters Unspecified Non-Persistent
Polychlorinated Biphenyls (PCBs) Substances and Complex Effluents
Other Organic Contaminants pH
Arsenic Tainting Substances
Cadmium Settleable and Suspended Solids
Chromium and Light Transmission
Asbestos
BASIC CONCEPTS
Non—degradation
Enhancement
Mixing Zones Guidelines
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DEVELOPMENT
AND
USE
OF
WATER
QUALITY
OBJECTIVES

OBJECTIVES) CRITERIAJ STANDARDS
In the 1972 Great Lakes Water Quality Agreement, restoration and
enhancement of the quality of the boundary waters is based on adoption
of common objectives and the implementation of programs to achieve these
objectives.
7 The term “water quality objectives”, as used in this report is very
similar in meaning to the terms "water quality criteria”, and "water
quality standards”. The three terms are defined as follows:
WATER QUALITY OBJECTIVE
 
The criteria for a concentration of a substance or a description of
a condition that is considered to be safe for the most sensitive use and
which has been chosen as a goal by the governments of Canada and the
U.S. as a part of the Great Lakes Water Quality Agreement.
WATER QUALITY CRITERIA
The concentration of a substance in the water or in aquatic organisms,
which has been established by scientific investigation as being a safe
level (a level which would not cause damage to a specific water use).
WATER QUALITY STANDARD
Criteria or objectives which have been included as a part of the
enforceable environmental control laws of a unit of government. Standards
usually contain criteria for a specific use and a schedule for compliance.
GREAT LAKES WATER QUALITY OBJECTIVES
Article IV of the 1909 Boundary Waters Treaty between the United
States and Canada states, among other things, that "boundary waters and
waters flowing across the boundary shall not be polluted on either side
to the injury of health or property of the other". The 1972 Great Lakes
Water Quality Agreement is a specific application of this principle.
Articles II and III of the 1972 Agreement set out the general and some
specific objectives to be met to ensure that pollution of the boundary
waters does not occur.
  
 
Water quality objectives are minimum desirable levels of water quality
to be obtained in the boundary waters of the Great Lakes System and are not
intended to preclude the establishment of more stringent requirements. They
take into account the criteria for a whole spectrum of water uses: supplies
for municipal, industrial and agricultural purposes, recreation, aesthetic
enjoyment and the propagation of aquatic life and wildlife. Once the United
States and Canada accept water quality objectives, they are obligated by the
Agreement to develop programs and measures (including water quality standards)
consistent with achievement of these objectives in boundary waters of the
Great Lakes. In general, water quality objectives are goals to be maintained
or achieved in the boundary waters through effective pollution control programs
in both countries. Compliance with the objectives is intended to ensure
protection of the most sensitive uses of the international waters.
 
0n the other hand, water quality standards and other legally enforceable
regulatory requirements are prescribed levels of water quality established by
governmental authorities in each jurisdiction. They are generically different
from objectives. While water quality objectives are developed on the sole
basis of scientifically defensible data to protect the most sensitive uses,
standards and similar legal requirements are generally established by each
jurisdiction after considering the designated uses and the factors of social
and economic consequences as well as technological ability. For this reason,
standards are not necessarily identical to water quality objectives.
MW VSR AIS
Under Article VI of the Agreement, the International Joint Commission
was designated to assist in the implementation of the Agreement. Among the
responsibilities given to the Commission was the "tendering of advice and
recommendations to the Parties and to the State and Provincial Governments on
problems of water quality of the boundary waters of the Great Lakes System
including specific recommendations concerning water quality objectives..."
Further, the Commission was directed to establish a Great Lakes Water Quality
Board to assist it and serve as principal advisor to the Commission with
regard to the exercise of powers and responsibilities assigned to it under
the Agreement.
The Water Quality Board formed a Water Quality Objectives Subcommittee
to assess the adequacy of the objectives in the Agreement and develop new or
revised objectives. This Subcommittee, together with the Research Advisory
Board's Standing Committee on Scientific Basis for Water Quality Criteria,
has proposed specific water quality objectives designed to protect the most
sensitive beneficial use of the boundary waters.
These two groups jointly reviewed all available scientific information
on each of the proposed objectives and recommended those levels that research
indicated would protect the most sensitive use. The rationale for these
decisions and the scientific literature cited are included for each of the
proposed objectives.
  
 The Water Quality Board reviewed the proposed objectives and in making
its recommendations to the International Joint Commission gave primary con—
sideration to the protection and enhancement of Great Lakes water quality.
The Board reviewed all aspects of the proposed objectives including the
practical aspects of using them as a basis for regulatory action. The Board
was aware of the fact that the dischargers and the public must bear the cost
of meeting regulatory requirementsbut did not use these factors in its
decisions to recommend objectives.
EBQQEDURES UIILIZED BY JURISDICTIONS TO CONSIDER WAIER QUALII!
OBJECTIVES IN THEIR REGULATORY REQUIREMENTS
In Article IV of the Agreement, the Parties agreed to use their best
efforts to ensure that water quality standards and other regulatory require—
ments will be consistent with the achievement of water quality objectives.
The following sections outline the procedures taken by each jurisdiction
towards this end.
CANADA AND ONTARIO
Canada and Ontario have agreed to adopt the water quality objectives as
the minimal basis to be used by them in establishing water quality standards
or other regulatory requirements respecting the boundary waters. They have
also agreed that the objectives shall be the basis for designing and assessing
pollution abatement programs and other measures taken to improve or maintain
water quality in the Great Lakes. [From paragraph 3, Canada—Ontario Agreement
on Great Lakes Water Quality, March 1977.]
The Province of Ontario employs guidelines and criteria for water quality
management in approving the adequacy of facilities for waste discharge and ‘
disposal. The guidelines and criteria are presently being reviewed in light I
of the May 1977 recommendations of IJC for new and revised Great Lakes water ‘
quality objectives.
Revisions to the criteria will be reviewed with the Ontario Advisory
Committee on Occupational and Environmental Health. Consideration is also
being given to the formal acceptance of the guidelines and criteria by the
Lieutenant Governor in Council and the desirability of formally adopting
standards for water quality under the authority of the Ontario Water Resources
Act.
U.S. FEDERAL GOVERNMENT AND GREAT LAKES STATES
In accordance with the Agreement, the U.S. Federal Government has assumed
the responsibility to ensure that the water quality objectives are considered
in the State Water Quality Standards review process which is required at least
once each three—year period as stipulated in Section 303 of PL 92-500.
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incorporating the following steps:
0 Review the proposed water quality objectives in the Agreement to
verify their technical adequacy and achievability.
0 Compare the proposed objectives with the water quality standards
which are currently in effect.
0 Evaluate the impact of the proposed objective on present or future
wastewater dischargers to determine if the objective would result in
a change in the required level of treatment.
0 Determine if implementation of existing water quality standards and
abatement programs would result in the achievement of water quality
consistent with the proposed objectives.
0 Evaluate the social and economic consequences of the proposed
objective.
0 Determine if the goals of the proposed objective are consistent with
the maintenance of the designated use of the waters for the public
interest.
Each state distributes, for public review, the proposed revisions to its
standards usually upon issuance of a notice for public hearing. Single or
multiple hearings are held, depending on the area affected by the standard
revisions, chaired by an impartial hearing officer. On the basis of comments
received, further revisions may be made. Before adoption as final standards,
legal, legislative or administrative review and approval are required. The
exact procedure for the final review will vary from state to state dependent
on administrative requirements. In most states, water quality standards
become state law upon promulgation.
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EXISTING WATER QUALITY OBJECTIVES
1972 GREAT LAKES WATER QUALITY AGREEMENT
ARTICLE II — GREAT LAKES WATER QUALITY OBJECTIVES
ARTICLE III - SPECIFIC WATER QUALITY OBJECTIVES
ANNEX I - SPECIFIC WATER QUALITY OBJECTIVES
 
 ARTICLE II
GREAT LAKES WATER QUALITY OBJECTIVES
The following general water quality objectives for the boundary waters of
the Great Lakes System are adopted.
(a)
(b)
(c)
(d)
(e)
1.
These waters should be:
Free from substances that enter the waters as a result of
human activity and that will settle to form putrescent or
otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl;
Free from floating debris, oil, scum and other floating
materials entering the waters as a result of human activity
in amounts sufficient to be unsightly or deleterious;
Free from materials entering the waters as a result of human
activity producing colour, odour or other conditions in such
a degree as to create a nuisance;
Free from substances entering the waters as a result of
human activity in concentrations that are toxic or harmful
to human, animal or aquatic life;
Free from nutrients entering the waters as a result of human
activity in concentrations that create nuisance growths of
aquatic weeds and algae.
ARTICLE III
SPECIFIC WATER QUALITY OBJECTIVES
The specific water quality objectives for the boundary waters of the
Great Lakes System set forth in Annex 1 are adopted.
2.
The specific water quality objectives may be modified and additional
specific water quality objectives for the boundary waters of the Great Lakes
System or for particular sections thereof may be adopted by the Parties in
accordance with the provisions of Articles IX and XII of this Agreement.
3.
The specific water quality objectives adopted pursuant to this
Article represent the minimum desired levels of water quality in the boundary
waters of the Great Lakes System and are not intended to preclude the esta—
blishment of more stringent requirements.
  
4.
1. Specific Objectives.
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ANNEX 1
SPECIFIC WATER QUALITY OBJECTIVES
The specific water quality objectives for the boundary
waters of the Great Lakes System are as follows:
(a)
(b)
(C)
(d)
(e)
(f)
Microbiology. The geometric mean of not less than five
samples taken over not more than a thirty—day period
should not exceed 1,000/100 millilitres total coliforms,
nor 200/100 millilitres fecal coliforms. Waters used for
body contact recreation activities should be substantially
free from bacteria, fungi, or viruses that may produce
enteric disorders or eye, ear, nose, throat and skin
infections or other human diseases and infections.
Dissolved Oxygen. In the Connecting Channels and in the
upper waters of the Lakes, the dissolved oxygen level should
be not less than 6.0 milligrams per litre at any time; in
hypolimnetic waters, it should be not less than necessary
for the support of fishlife, particularly cold water species.
Total Dissolved Solids. In Lake Erie, Lake Ontario and the
International Section of the St. Lawrence River, the level
of total dissolved solids should not exceed 200 milligrams
per litre. In the St. Clair River, Lake St. Clair, the
Detroit River and the Niagara River, the level should be
consistent with maintainingthe levels of total dissolved
solids in Lake Erie and Lake Ontario at not to exceed 200
milligrams per litre. In the remaining boundary waters,
pending further study, the level of total dissolved solids
should not exceed present levels.
 
Taste and Odour. Phenols and other objectionable taste
and odour producing substances should be substantially
absent.
pg, Values shouldnot be outside the range of 6.7 to 8.5.
Iron {Fe). Levels shouldnot exceed 0.3 milligrams per
litre.
l4
(g)
(h)
2. Interim Objectives.
in the classes described
Concentrations should be limited to the
to prevent nuisance growths of algae,
that are or may become injurious to any
use.
Phosphorus (P).
extent necessary
weeds and slimes
beneficial water
Radioactivity. Radioactivity should be kept at the lowest
practicable levels and in any event should be controlled
to the extent necessary to prevent harmful effects on
health.
Until objectives for particular substances and effects
in this paragraph are further refined, the objectives
for them are as follows:
(a)
(b)
(c)
(d)
(e)
3. Non—degradation.
objectives, all reasonable and practicable measures
with paragraph 4 of Article III of the Agreement to
quality existing at the date of entry into force of
Temperature. There should be no change that would adversely
affect any local or general use of these waters.
Mercury and Other Toxic Heavy Metals. The aquatic environ—
ment should be free from substances attributable to municipal,
industrial or other discharges in concentrations that are
toxic or harmful to human, animal or aquatic life.
 
Persistent Organic Contaminants. Persistent pest control
products and other persistent organic contaminants that are
toxic or harmful to human, animal or aquatic life should
be substantially absent in the waters.
Settleable and Suspended Materials. Waters should be free
from substances attributable to municipal, industrial or
other discharges that will settle to form putrescent or
otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl.
Oil, Petrochemicals and Immiscible Substances. Waters
should be free from floating debris, oil, scum and other
floating materials attributable to municipal, industrial
or other discharges in amounts sufficient to be unsightly
or deleterious.
Notwithstanding the adoption of specific water quality
shall be taken in accordance
maintain the levels of water
the Agreement in those areas
of the boundary waters of the Great Lakes System where such levels exceed the
specific water quality objectives.
4. Sampling Data. The Parties agree that the determination of compliance with
specific objectives shall be based on statistically valid sampling data.
5. Mixing Zones. The responsible regulatory agencies may designate restricted
mixing zones in the vicinity of outfalls within which the specific water quality
objectives shall not apply. Mixing zones shall not be considered a substitute
for adequate treatment or control of discharges at their source.
15
 6. Localized Areas. There will be other restricted, localized areas, such as
harbours, where existing conditions such as land drainage and land use will
prevent the objectives from being met at least over the short term; such areas,
however, should be identified specifically and as early as possible by the res-
ponsible regulatory agencies and should be kept to a minimum. Pollution from
such areas shall not contribute to the violation of the water quality objectives
in the waters of the other Party. The International Joint Commission shall be
notified of the identification of such localized areas, in accordance with
Article VIII.
7. Consultation. The Parties agree to consult within one year from the date
of entry into force of the Agreement, for the purpose of considering:
(a) Specific water quality objectives for the following substances:
Ammonia Copper Oil
Arsenic Cyanide Organic chemicals
Barium Fluoride Phenols
Cadmium Lead Selenium
Chloride Mercury Sulphate
Chromium Nickel Zinc
(b) Refined objectives for radioactivity and temperature; for
radioactivity the objective shall be considered in the
light of the recommendations of the International Com—
mission on Radiation Protection.
8. Amendment.
(a) The objectives adopted herein shall be kept under review
and may be amended by mutual agreement of the Parties.
(b) Whenever the International Joint Commission, acting
pursuant to Article VI of the Agreement, shall recommend
the establishment of new or modified specific water
quality objectives, this Annex shall be amended in
accordance with such recommendation on the receipt by
the Commission of a letter from each Party indicating
its agreement with the recommendation.
16
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GROUP 1
NEW AND REVISED
SPECIFIC
WATER
QUALITY
OBJECTIVES
PREVIOUSLY RECOMMENDED
BY THE
GREAT
LAKES
WATER
QUALITY
BOARD
FOR ADOPTION

NEW
NEW
NEW
NEW
PESTICIDES (PERSISTENT)
Aldrin/Dieldrin
The sum of the concentrations of aldrin and dieldrin in was r
should not exceed the recommended quantification limit of 0.003
micrograms per litre.
The sum of concentrations of aldrin and
dieldrin in the edible portion of fish should not exceed 0.3
micrograms per gram for the protection of human consumers of
fish.
Note: Based on U.S. Food and Drug Administration guidelines.
Chlordane
The concentration of chlordane in water should not exceed 0.06
micrograms per litre for the protection of aquatic life.
DDT and Metabolites
The sum of the concentrations of DDT and its metabolites in water
should not exceed the recommended quantification limit of 0.003
micrograms per litre. The sum of‘the concentration of DDT and
its metabolites in whole fish (wet weight basis) should not
exceed 1.0 micrograms per gram for the protection of fish con—
suming aquatic birds.
Endrin
The concentration of endrin in water should not exceed the
recommended quantification limit of 0.002 micrograms per litre.
The concentration of endrin in the edible portion of fish should
not exceed 0.3 micrograms per gram for the protection of human
consumers of fish.
Note: Based on U.S. Food and Drug Administration guidelines.
19
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sh
ou
ld
no
t
ex
ce
ed
0.
01
mi
cr
og
ra
ms
pe
r
li
tr
e
fo
r
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
.
Th
e
co
nc
en
tr
at
io
n
of
li
nd
an
e
in
ed
ib
le
po
rt
io
ns
of
fi
sh
sh
ou
ld
no
t
ex
ce
ed
0.
3
mi
cr
og
ra
ms
pe
r
gr
am
fo
r
th
e
pr
ot
ec
ti
on
of
hu
ma
n
consumers of fish.
No
te
:
Ba
se
d
on
U.
S.
Fo
od
an
d
Dr
ug
Ad
mi
ni
st
ra
ti
on
gu
id
el
in
es
.
Methoxychlor
Th
e
co
nc
en
tr
at
io
n
of
me
th
ox
yc
hl
or
in
wa
te
r
sh
ou
ld
no
t
ex
ce
ed
0.
04
mi
cr
og
ra
ms
pe
r
li
tr
e
fo
r
the
pr
ot
ec
ti
on
of
aq
ua
ti
c
lif
e.
Toxaphene
Th
e
co
nc
en
tr
at
io
n
of
to
xa
ph
en
e
in
wa
te
r
sh
ou
ld
no
t
ex
ce
ed
0.
00
8
mic
rog
ram
s
per
lit
re
for
the
pro
tec
tio
n
of
aqu
ati
c
lif
e.
OTHER TOXIC PERSISTENT COMPOUNDS
Phthalic Acid Esters
The
con
cen
tra
tio
ns
of
dib
uty
l p
hth
ala
te
and
di(
2—e
thy
lhe
xyl
)
pht
hal
ate
in
wat
er
sho
uld
not
exc
eed
4.0
mic
rog
ram
s p
er
lit
re
and
0.6
mic
rog
ram
s p
er
litr
e,
res
pec
tiv
ely
, f
or
the
pro
tec
tio
n o
f
aqu
ati
c l
ife.
Oth
er
pht
hal
ic
aci
d e
ste
rs
sho
uld
not
exc
eed
the
rec
omm
end
ed
qua
nti
fic
ati
on
lim
it
of
0.2
mic
rog
ram
s p
er
lit
re
in
waters forthe protection of aquatic life.
20
 NEW
NEW
NEW
NEW
Polgchlorinated
Biohenyls
(PCBs)
 
The
concentration
of
total
polychlorinated
hiohengls
in
fish
tissues
(whole
fish,
calculated
on
a
met
weight
basis}.
should
not
exceed
0.7
micrograms
per
gram
for
the
protection
oj'fish
consuming birds and animals.
Note:
The
detection
limit
for
PCBs
in
water
samples
is
not
low
enough
to
permit
setting
a
water
quality
objective
for
concen—
trations
in
water.
Therefore
the
proposed
objective
is
based
on
levels
detectable
in
fish
tissue.
It
is
believed
that
water
concentrations
less
than
0.001
micrograms
per
litre
would
be
required
to
preclude
significant
bioaccumulation
of
PCBs.
The
U.S.
Food
and
Drug
Administration
has
set
an
administrative
guideline
of
5 micrograms
per
gram
of
PCB
as
the
maximum
levels
acceptable
in
the
edible
portion
of
fish
for
human
consumption.
The
Canadian
Department
of
National
Health
and
Welfare
has
set
a
similar
guideline
at
2
micrograms
per
gram
of
PCB.
The
Board
is
recommending
a
more
stringent
objective
for
the
Great
Lakes
to
protect
birds
and
animals
whose
main
diet
consist
of
fish
from
the lakes.
OTHER
TOXIC
PERSISTENT
SUBSTANCES
Other Organic Contaminants
For
other
organic
contaminants,
the
levels
of
which
are
not
specified
but
which
can
be
demonstrated
to
be
persistent
and
are
likely
to
be
toxic,
it
is
recommended
that
the
concentrations
of
such
compounds
in
water
or
aquatic
organisms
be
limited
to
the
detection
level
as
determined
by
the
best
scientific
methodology
available at the time.
METALS
Arsenic
Concentrations
of
total arsenic
in
an unfiltered water
sample
should
not exceed
50 micrograms per
litre
to protect
raw waters
for public water supplies.
Cadmium
Concentrations
of
total
cadmium
in
an
unfiltered
water
sample
should
not
exceed
0.2
micrograms
per
litre
to
protect
aquatic
life.
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 NEW
NEW
NEW
NEW
NEW
NEW
Co
nc
en
tr
at
io
ns
of
to
ta
l
ch
ro
mi
um
in
an
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
50
mi
cr
og
ra
ms
pe
r
li
tr
e
to
pr
ot
ec
t
ra
w
wa
te
rs
for public water supplies.
Lead
 
Co
nc
en
tr
at
io
ns
of
to
ta
l
le
ad
in
an
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
10
mi
cr
og
ra
ms
pe
r
li
tr
e
in
La
ke
Su
pe
ri
or
,
20
mi
cr
o—
gr
am
s
pe
r
li
tr
e
in
La
ke
Hu
ro
n
an
d
25
mi
cr
og
ra
ms
pe
r
li
tr
e
in
al
l
re
ma
in
in
g
Gr
ea
t
La
ke
s
to
pr
ot
ec
t
aq
ua
ti
c
li
fe
.
Mercury
Co
nc
en
tr
at
io
ns
of
to
ta
l
me
rc
ur
y
in
a
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
0.
2
mi
cr
og
ra
ms
pe
r
li
tr
e
no
r
sh
ou
ld
th
e
co
nc
en
tr
at
io
n
of
to
ta
l
me
rc
ur
y
in
wh
ol
e
fi
sh
ex
ce
ed
0.
5
mi
cr
og
ra
ms
pe
r
gr
am
(w
et
we
ig
ht
ba
si
s)
to
pr
ot
ec
t
aq
ua
ti
c
li
fe
as
we
ll
as
fi
sh
—
consuming birds.
Selenium
Co
nc
en
tr
at
io
ns
of
to
ta
l
se
le
ni
um
in
an
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
10
mi
cr
og
ra
ms
pe
r
li
tr
e
to
pr
ot
ec
t
ra
w
wa
te
r
for public water supplies.
Zinc
Co
nc
en
tr
at
io
ns
of
to
ta
l
zi
nc
in
an
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
30
mi
cr
og
ra
ms
pe
r
li
tr
e
to
pr
ot
ec
t
aq
ua
ti
c
lif
e.
OTHER INORGANICS
Fluoride
Con
cen
tra
tio
ns
of
tot
al
flu
ori
de
in
an
unf
ilt
ere
d w
ate
r
sam
ple
sho
uld
not
exc
eed
1.2
mil
lig
ram
s
per
lit
re
to
pro
tec
t
raw
wat
ers
for public water supplies.
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 NEW
REVISED
PESTICIDES (NON—PERSISTENT)
General Objective
Concentrations of unspecified,‘non-persistent pesticides should
not exceed 0.05 of the median lethal concentration in a 96-hour
test for any sensitive local species.
Diazinon
The concentration of Diazinon in an unfiltered water sample
should not exceed 0.08 micrograms per litre for the protection of
aquatic life.
OTHER NON‘PERSISTENT ORGANIC SUBSTANCES
Oil and Petrochemicals
EXISTING
 
Oil and petrochemicals should not be present in concentrations
that:
1) can be detected as visible film, sheen or discolouration
on the surface;
2) can be detected by odour;
3) can cause tainting of fish or edible invertebrates;
4) can form deposits on shorelines and bottom sediments that
are detectable by sight or odour, or deleterious to resident
aquatic organisms.
Oil and Petrochemicals
Oil, Petrochemicals and Immiscible Substances. waters should be
free from floating debris, oil, scum and other floating materials
attributable to municipal, industrial or other discharges in
amounts sufﬁicient to be unsightly or deleterious.
Oil or petrochemicals should not be present in concentrations
that: ‘
1) can be detected as visible film, sheen or discolouration on
the surface;
2) can be detected by odour;
3) can cause tainting of fish or edible invertebrates;
4) can orm deposits on shorelines and bottom sediments that are
detectable by sight or odour, or deleterious to resident
aquatic organisms.
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 U
n
s
p
e
c
i
f
i
e
d
N
o
n
-
P
e
r
s
i
s
t
e
n
t
To
xi
c
S
ub
s
t
a
n
c
e
s
a
n
d
C
o
m
p
l
e
x
E
f
f
l
ue
n
t
s
 
U
n
s
p
e
c
i
f
i
e
d
n
o
n
-
p
e
r
s
i
s
t
e
n
t
to
xi
c
su
bs
ta
nc
es
a
n
d
c
o
m
p
l
e
x
e
f
f
l
ue
n
t
s
of
mu
ni
ci
pa
l,
in
du
st
ri
al
or
ot
he
r
or
ig
in
sh
ou
ld
no
t
be
pr
es
en
t
in
co
nc
en
tr
at
io
ns
wh
ic
h
ex
ce
ed
0.
05
of
th
e
me
di
an
le
th
al
co
nc
en
—
tr
at
io
n
(9
6-
Ho
ur
L0
50
)
f
o
r
an
y
se
ns
it
iv
e
lo
ca
l
sp
ec
ie
s
to
p
r
o
t
e
c
t
OTHER SUBSTANCES
Va
lu
es
of
pH
sh
ou
ld
no
t
be
Ou
ts
id
e
th
e
ra
ng
e
of
6.
5
to
9.
0,
no
r
sh
ou
ld
di
sc
ha
rg
es
ch
an
ge
th
e
pH
at
th
e
bo
un
da
ry
of
th
e
de
si
gn
at
ed
mi
xi
ng
go
ne
mo
re
th
an
0.
5
un
it
s
fr
om
th
e
am
bi
en
t.
va
lu
es
sh
ou
ld
no
t
be
ou
ts
id
e
th
e
ra
ng
e
of
6.
7
to
8.
5
1)
Ra
w
pu
bl
ic
wa
te
r
su
pp
ly
so
ur
ce
s
sh
ou
ld
be
es
se
nt
ia
ll
y
fr
ee
fr
om
ob
je
ct
io
na
bl
e
ta
st
e
an
d
od
ou
r
fo
r
ae
st
he
ti
c
re
as
on
s.
2)
Su
bs
ta
nc
es
en
te
ri
ng
th
e
wa
te
rs
as
a
re
su
lt
of
hu
ma
n
ac
ti
vi
ty
th
at
ca
us
e
ta
in
ti
ng
of
ed
ib
le
aq
ua
ti
c
or
ga
ni
sm
s
sh
ou
ld
no
t
be
pr
es
en
t
in
co
nc
en
tr
at
io
ns
wh
ic
h
wi
ll
lo
we
r
th
e
ac
ce
pt
ab
il
it
y
of
th
es
e
or
ga
ni
sm
s
as
de
te
rm
in
ed
by
or
ga
no
le
pt
ic
te
st
s.
 
Ph
en
ol
s
an
d
ot
he
r
ob
je
ct
io
na
bl
e
ta
st
e
an
d
od
Ou
r
pr
od
uc
in
g
su
bs
—
ta
nc
es
sh
ou
ld
be
su
bs
ta
nt
ia
ll
y
ab
se
nt
.
PHYSICAL CHARACTERISTICS
NEW
aquatic life.
REVISED BE
EXISTING Rb:
RE
VI
SE
D
Ta
in
ti
ng
Su
bs
ta
nc
es
EX
IS
TI
NG
Ta
st
e
an
d
Od
ou
r
REVISED
Se
tt
le
ab
le
an
d
Su
sp
en
de
d
So
li
ds
an
d
Li
gh
t
Tr
an
sm
is
si
on
Fo
r
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
,
wa
te
rs
sh
ou
ld
be
fr
ee
fr
om
su
bs
ta
nc
es
at
tr
ib
ut
ab
le
to
mu
ni
ci
pa
l,
in
du
st
ri
al
or
ot
he
r
di
s—
ch
ar
ge
s
re
su
lt
in
g
fr
om
ac
ti
vi
ty
th
at
wi
ll
se
tt
le
to
fo
rm
pu
tr
es
ce
nt
or
ot
he
rw
is
e
ob
je
ct
io
na
bl
e
sl
ud
ge
de
po
si
ts
or
th
at
wi
ll
al
te
r
th
e
va
lu
e
of
th
e
Se
cc
hi
di
sk
de
pt
h
by
mo
re
th
an
10
pe
rc
en
t.
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EXISTING
Settleable Suspended Materials
 
wat
ers
sho
uld
be
fre
e f
rom
sub
sta
nce
s a
ttr
ibu
tab
le
to
mun
ici
pal
,
ind
ust
ria
l o
r o
the
r d
isc
har
ges
tha
t w
ill
set
tle
to
for
m p
utr
esc
ent
or o
ther
wise
obje
ctio
nabl
e sl
udge
depo
sits
, or
that
will
adve
rsel
y
affect aquatic life or waterfowl.
Asb
est
os
sho
uld
be
kep
t a
t t
he
lowe
st
pra
cti
cab
le
lev
els
and
in
any
eve
nt
sho
uld
be
con
tro
lle
d t
o t
he
ext
ent
nec
ess
ary
to
pre
ven
t
harmful effects on health.
BASIC CONCEPTS
Not
wit
hst
and
ing
the
ado
pti
on
of
Spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
,
all
rea
son
abl
e
and
pra
cti
cab
le
mea
sur
es
sha
ll
be
tak
en
in
acc
ord
anc
e
wit
h p
ara
gra
ph
4 o
f A
rti
cle
III
of
the
Agr
eem
ent
to
mai
nta
in
the
lev
els
of
wat
er
qua
lit
y e
xis
tin
g a
t t
he
dat
e o
f e
ntr
y i
nto
for
ce
of
the
Agr
eem
ent
in
tho
se
are
as
of
the
bou
nda
ry
wat
ers
of
the
Gre
at
Lak
es
Sys
tem
whe
re
suc
h w
ate
r q
ual
ity
is
bet
ter
tha
n t
hat
prescribed by the specific water quality objectives.
Not
wit
hst
and
ing
the
ado
pti
on
of
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
,
all
rea
son
abl
e
and
pra
cti
cab
le
mea
sur
es
sha
ll
be
tak
en
in
acc
ord
anc
e
wit
h p
ara
gra
ph
4 o
f A
rti
cle
III
of
the
Agr
eem
ent
to
mai
nta
in
the
lev
els
of
wat
er
qua
lit
y e
xis
tin
g a
t t
he
dat
e o
f e
ntr
y i
nto
for
ce
of
the
Agr
eem
ent
in
the
se
are
as
of
the
bou
nda
ry
wat
ers
of
the
Gre
at
Lak
es
Sys
tem
whe
re
suc
h
lev
els
exc
eed
the
spe
cif
ic
wat
er
NEW Asbestos
REVISED Non—degradation
EXISTING Non—degradation
quality objectives.
NEW Enhancement
In
are
as
des
ign
ate
d b
y t
he
app
rop
ria
te
jur
isd
ict
ion
as
hav
ing
out
sta
ndi
ng
nat
ura
l
res
our
ce
val
ue
and
whi
ch
hav
e w
ate
r
qua
lit
y
bet
ter
tha
n p
res
cri
bed
by
the
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
,
tha
t w
ate
r q
ual
ity
sho
uld
be
mai
nta
ine
d o
r e
nha
nce
d.
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 REVI SED
M
i
x
i
n
g
Z
o
n
e
s
T
h
e
r
e
s
p
o
n
s
i
b
l
e
r
e
g
u
l
a
t
o
r
y
a
g
e
n
c
i
e
s
m
a
y
d
e
s
i
g
n
a
t
e
r
e
s
t
r
i
c
t
e
d
m
i
x
i
n
g
z
o
n
e
s
i
n
t
h
e
v
i
c
i
n
i
t
y
o
f
o
u
t
f
a
l
l
s
w
i
t
h
i
n
w
h
i
c
h
t
h
e
s
p
e
c
i
f
i
c
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
s
h
a
l
l
n
o
t
a
p
p
l
y
.
M
i
x
i
n
g
z
o
n
e
s
s
h
a
l
l
n
o
t
b
e
c
o
n
s
i
d
e
r
e
d
a
s
u
b
s
t
i
t
u
t
e
f
o
r
a
d
e
q
u
a
t
e
t
r
e
a
t
m
e
n
t
o
r
c
o
n
t
r
o
l
o
f
d
i
s
c
h
a
r
g
e
s
a
t
t
h
e
i
r
s
o
u
r
c
e
.
T
h
e
f
o
l
l
o
w
i
n
g
g
u
i
d
e
l
i
n
e
s
s
h
o
u
l
d
b
e
u
s
e
d
i
n
t
h
e
d
e
s
i
g
n
a
t
i
o
n
o
f
mixing zones:
2)
A
m
i
x
i
n
g
z
o
n
e
i
s
a
n
a
r
e
a
,
c
o
n
t
i
g
u
o
u
s
t
o
a
p
o
i
n
t
s
o
u
r
c
e
,
w
h
e
r
e
e
x
c
e
p
t
i
o
n
s
t
o
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
a
n
d
c
o
n
d
i
t
i
o
n
s
o
t
h
e
r
w
i
s
e
a
p
p
l
i
c
a
b
l
e
t
o
t
h
e
r
e
c
e
i
v
i
n
g
w
a
t
e
r
b
o
d
y
m
a
y
b
e
g
r
a
n
t
e
d
.
2
}
S
p
e
c
i
f
i
c
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
a
n
d
c
o
n
d
i
t
i
o
n
s
a
p
p
l
i
c
a
b
l
e
t
o
t
h
e
r
e
c
e
i
v
i
n
g
w
a
t
e
r
b
o
d
y
s
h
o
u
l
d
b
e
m
e
t
a
t
t
h
e
b
o
u
n
d
a
r
y
o
f
mixing zones.
3
)
L
i
m
i
t
a
t
i
o
n
s
o
n
m
i
x
i
n
g
z
o
n
e
s
s
h
o
u
l
d
b
e
e
s
t
a
b
l
i
s
h
e
d
b
y
t
h
e
r
e
s
p
o
n
s
i
b
l
e
r
e
g
u
l
a
t
o
r
y
a
g
e
n
c
y
o
n
a
c
a
s
e
—
b
y
—
c
a
s
e
b
a
s
i
s
,
w
h
e
r
e
"
c
a
s
e
"
r
e
f
e
r
s
t
o
b
o
t
h
l
o
c
a
l
c
o
n
s
i
d
e
r
a
t
i
o
n
s
a
n
d
t
h
e
w
a
t
e
r
b
o
d
y
a
s
a
w
h
o
l
e
,
o
r
s
e
g
m
e
n
t
o
f
t
h
e
w
a
t
e
r
b
o
d
y
.
4)
M
i
x
i
n
g
z
o
n
e
s
,
b
y
d
e
f
i
n
i
t
i
o
n
,
r
e
p
r
e
s
e
n
t
a
l
o
s
s
o
f
v
a
l
u
e
.
5)
M
a
n
y
o
f
t
h
e
g
e
n
e
r
a
l
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
s
h
o
u
l
d
a
p
p
l
y
t
o
d
i
s
c
h
a
r
g
e
-
r
e
l
a
t
e
d
m
a
t
e
r
i
a
l
s
w
i
t
h
i
n
m
i
x
i
n
g
z
o
n
e
s
.
T
h
e
z
o
n
e
s
s
h
o
u
l
d
b
e
f
r
e
e
o
f
:
(
a
)
o
b
j
e
c
t
i
o
n
a
b
l
e
d
e
p
o
s
i
t
s
;
(b
)
u
n
s
i
g
h
t
l
y
o
r
d
e
l
e
t
e
r
i
o
u
s
a
m
o
u
n
t
s
o
f
f
l
o
t
s
a
m
,
o
i
l
,
s
c
u
m
a
n
d
o
t
h
e
r
f
l
o
a
t
i
n
g
m
a
t
t
e
r
;
(
c
)
s
u
b
s
t
a
n
c
e
s
p
r
o
d
u
c
i
n
g
o
b
j
e
c
t
i
o
n
a
b
l
e
c
o
l
o
u
r
,
o
d
o
u
r
,
t
a
s
t
e
,
o
r
t
u
r
b
i
d
i
t
y
;
a
n
d
(d
)
s
u
b
s
t
a
n
c
e
s
a
n
d
c
o
n
d
i
t
i
o
n
s
o
r
c
o
m
b
i
n
a
t
i
o
n
s
t
h
e
r
e
o
f
a
t
l
e
v
e
l
s
w
h
i
c
h
p
r
o
d
u
c
e
a
q
u
a
t
i
c
l
i
f
e
i
n
n
u
i
s
a
n
c
e
q
u
a
n
—
t
i
t
i
e
s
t
h
a
t
i
n
t
e
r
f
e
r
e
w
i
t
h
o
t
h
e
r
u
s
e
s
.
debris,
6)
N
o
c
o
n
d
i
t
i
o
n
s
w
i
t
h
i
n
t
h
e
m
i
x
i
n
g
z
o
n
e
s
h
o
u
l
d
b
e
p
e
r
m
i
t
t
e
d
w
h
i
c
h
a
r
e
e
i
t
h
e
r
(a
)
r
a
p
i
d
l
y
l
e
t
h
a
l
to
i
m
p
o
r
t
a
n
t
a
q
u
a
t
i
c
l
i
f
e
(
c
o
n
d
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Mixing Zones (cont'd)
 
EXISTING
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 GROUP 2
NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES
RECOMMENDED
BY THE
GREAT LAKES WATER QUALITY BOARD
FOR ADOPTION
 
NEW
REVISED
EXISTING
NEW
NEW
NEW
NEW
METALS
Copper
Concentrations of total copper in an unfiltered water sample should
not exceed 5 micrograms per litre to protect aquatic life.
Iron
 
Concentrations of total iron in an unfiltered water sample should not
exceed 300 micrograms per litre to protect aquatic life.
Iron
Levels should not exceed 0.5 milligrams per litre.
Nickel
concentrations of total nickel in an unfiltered water sample should
not exceed 25 micrograms per litre to protect aquatic life.
Silver
Concentrations of total silver in an unfiltered watersample should
not exceed 0.] micrograms per litre to protect aquatic life.
PESTICIDES (PERSISTENT)
Dodecachloropentacyclodecane yirex
For the protection of aquatic organisms and fish consuming birds and
animals, mirex including its degradation products should be substantial-
ly absent from water and aquatic organisms. Substantially absent
here means less than detection levels as determined by the best
scientific methodology available.
Note: The best detection levels for mirex (l977), as determined by
a survey of laboratories in the Great Lakes region, are 0.005 ug/Q
for water and 0.005 ug/g for biological tissues.
PESTICIDES (NON-PERSISTENT)
Guthion
Concentrations of Guthion in an unfiltered watersample should not
exceed 0.005 micrograms per litre for the protection of aquatic life.
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PHYSICAL CHARACTERISTICS
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2)
Temperature (cont’d)
Maximum weekly Average Temperature. This is the mathematical
mean of multiple, equally spaced daily temperatures.
3)
(A) For Growth
The maximum weekly average temperature QVWAT) in the zone
inhabited by the species at that time should not exceed one—
third of the range between the optimum temperature (To) and the
ultimate upper incipient lethal temperature (Tu) of the species,
in order to maintain growth of aquatic organisms at levels
necessary forsustaining actively growing and reproducing
populations (Table 1 — Appendix II of 1975 Appendix ’ﬂ’U.
Thus,
MWAT= To + Tu—gﬁ
The optimum temperature is assumed to be for growth but other
physiological optima may be used in the absence of growth data.
The MWAT must be applied with adequate understanding of the
normal seasonal distribution of the important species.
(B) For Reproduction
The MWAT reproduction should not exceed those limits for normal
spawning (Table 2 - Appendix II of 1975 Appendix "A”); in
addition these objectives must protect gonad growth and gamete
maturation, spawning migrations, spawning itself timing and
synchrony with cyclic food sources, and normal patterns of
gradual temperature changes throughout the year. The pro—
tection of reproductive activity must take into account normal
months during which these processes occur in specific water
bodies for which objectives are being developed.
(C) For Winter Survival (applicable at any place inhabitable
by fish)
The MWAT for fish survival during winter shouldnot exceed the
acclimation, or plume, temperature (minus a 2.0°C safety
factor) that raises the lower lethal threshold temperature
above the normal ambient water temperature for that season.
This temperature limit will apply in any area to which the fish
have access and would include areas such as unscreened discharge
channels. This objective is necessary to eliminate fish kills
caused by rapid changes in-temperature due to plant shutdown or
movement of fish from a heated plume to ambient temperature.
Short—term Exposure to Extreme Temperature.
(A) For the Season of Growth
The temperature objective for (J) short-term exposure during
the growth season is the 24—hr. median tolerance limit,
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GROUP 2
RATIONALE AND SCIENTIFIC BASIS
FOR NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES

 CHEMICAL CHARACTERISTICS
METALS
INTRODUCTION
It can be generally stated that all natural elements (metals, metalloids,
and non—metallic elements) are present in all natural waters, in sediments,
and in most living matter. For the majority of these elements, their occur-
rence is in minute concentrations, much below analytical detection limits of
sophisticated monitoring (less than ug/l concentrations). Obviously, for
most of these elements, no environmental concern is valid unless they are
discharged at concentrations greater than present in the receiving waters.
Metals, such as sodium, potassium, calcium, and magnesium are found in
mg/Q concentrations in most waters. They are essential to all forms of life
as basic components of skeletal systems and for many biological processes in
general. Ions of such metals are not lethal by themselves unless at very
high concentrations (>l,000 mg/C). On the other hand, metals, in particular
aluminum, cadmium, copper, iron, mercury, nickel, silver and zinc, as well as
the metalloids selenium and arsenic, are common to all natural aquatic sys-
tems in the pg/C range. In trace quantities, some of these elements are
essential for certain biological processes while others have no known functions.
Whether essential or not, these elements are lethal to biota at high concen—
trations (<lOO mg/C) and, in a few cases, their natural background levels are
approaching toxic concentrations. To protect the aquatic ecosystem, these
elements should not be allowed to increase in their concentrations, through
man's activities.
Sources of all elements in surface waters are the result of weathering
of rocks and soils (Table 1 ), industrial and municipal effluents, and pre-
cipitation of airborne matter. In fact, it has been calculated that some
large lakes with comparatively little human activity in the drainage basin
may derive the major part of their metals from precipitation. Lake sediments,
especially in shallow lakes, may also be an important source of trace metals.
Such a recycling has been observed for mercury and is well known for the
element phosphorus.
Chemistry
Dissolved Metals
In distilled water, dissolved metals largely exist in "free" ionic form,
that is, as very weakly complexed hydroxy or aquo complexes. Because of
their low complex formation constants, these elements are readily available
for any chemical reaction and for biological uptake. Consequently, any
uptake by organisms of such ionic metals from water will be rapid and propor—
tionate to their concentration.
However, natural waters always contain a significant amount of dissolved
organic material including humic acids, lignin derivatives, fatty acids,
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amino acids. many other compounds from plant and animal origin, as well as
increasing amounts of synthetic chemicals. Most of these compounds have one
or more functional groups, such as hydroxy’, carboxy, sulfo— and amino—
groups, which may combine with "free" metal ions to form metal—ligand com-
plexes. Depending on the detailed structures of such ligands and the chemical
characteristics of the metal ions, complexation can completely mask the
availability of the metal ions for common reactions. Of course, any two
ligands will act differently on a given set of metal ions and, as a result,
the biological effects of a mixture of metal ions and organic compounds is
extremely difficult to predict. If, as in the case of certain synthetic
chemicals, the complex formation is very strong and no other physical, Chemical
or microbial degradation of the complex took place, quite high concentrations
of toxic metal ions could be present without immediate harmful effects to
aquatic life.
Organo-metallic Compounds
 
Chemical compounds of organo-metallic nature, that is with direct carbon—
metal bonds, have been known to chemists for a long time. Recently it has
been found that certain metals (for example, mercury) can be methylated by
microbial action in sediments and these compounds can enter the aquatic food
chain. Because of their partially organic nature, such compounds are likely
to be associated with fatty tissues, where they may be stored and accumu—
lated. At the same time, these compounds may produce strong toxic effects on
the accumulator organism.
There is still comparatively little understanding of the biological and
environmental behaviour and effects of organo-metallic compounds. Studies to
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 Analysis and Great Lakes Concentrations
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in w
ate
r.
Con
seq
uen
tly
, a
nal
yse
s a
re
per
for
med
for
dis
—
solv
ed,
sus
pen
ded
, e
xtr
act
abl
e a
nd
tot
al
met
als
.
At
pre
sen
t,
mos
t a
nal
yse
s
are
for
tot
al
met
al,
whi
ch
may
inc
lud
e d
iss
olv
ed
and
ads
orb
ed
or
sus
pen
ded
met
als
irr
esp
ect
ive
of
the
ir
oxi
dat
ion
sta
te
or
for
m o
f c
omp
lex
ati
on.
Man
y m
eta
ls
occ
ur
in
nat
ura
l w
ate
rs
at
con
cen
tra
tio
ns
bel
ow
dir
ect
rou
tin
e a
nal
yti
cal
det
ect
abi
lit
y.
In
such
cas
es
con
cen
tra
tio
n p
roc
edu
res
,
usu
all
y b
y s
olv
ent
ext
rac
tio
n,
hav
e t
o b
e a
ppl
ied
in
ord
er
to
obt
ain
rel
iab
le
quantitative results at these low levels.
Wate
r sa
mple
s fo
r me
tal
anal
yses
are
gene
rall
y pr
eser
ved
by a
ddin
g ac
id
to p
H 2
or l
ess.
At t
his
pH,
all
meta
ls b
ecom
e av
aila
ble
for
solv
ent
extr
acti
on
except those very strongly bound by ligands.
Diff
icul
ty w
as e
xper
ienc
ed i
n ob
tain
ing
accu
rate
data
on c
once
ntra
tion
s
of metals in Great Lakes waters. Unpublished raw data from monitoring often
contained incorrect values due to sample contamination at some stage between
collection and analysis. Since analyses are generally quite accurate, the
problem is one of sample collection and storage. Consequently, metal con—
centrations in offshore Great Lakes waters in Table 2 include only summary
statistics derived from well—screened raw data in specific metals from the
upper lakes. Similar statistics are not available for Lakes Michigan, St.
Clair, Erie, and Ontario. Other data on concentrations of metals in waters
is from published sources and the accuracy of the data has not been assessed.
Biological Effects and Monitoring Problems
Sprague (1970), in his review of the utility of bioassay results, indicated
that for fish at different times and places, "precipitated" zinc was less
toxic, equally as toxic or more toxic than "ionic" zinc. This ambiguity was
probably the result of the inability of various authors to measure the various
forms of zinc. On the other hand, toxicity of copper has been related, with
reasonable success, to measurement of specific forms.
As a working method for some metals, fairly good correlations with bio—
logical availability and hence toxicity have been obtained by assuming that
soluble toxic forms pass a 0.45 p filter while insoluble non—toxic forms do
not. It is recognized, however, that the actual separation of these forms is
not that simple. Forms which were retainedby the filter could be a reservoir
of potentially toxic forms which may readily redissolve under changing con-
ditions. Pulse polarography has been used to measure "labile" and "non—
labile" forms of copper, but lability has not been directly related to
40
TA
BL
E
2
CO
NC
EN
TR
AT
IO
NS
(H
G/
L)
OF
ME
TA
LS
IN
FI
LT
ER
ED
WA
TE
R
SA
MP
LE
S
FR
OM
TH
E
EP
IL
IM
NI
ON
OF
TH
E
UP
PE
R
GR
EA
T
LA
KE
S
Th
es
e
st
at
is
ti
cs
re
pr
es
en
t
va
lu
es
fr
om
ma
ny
st
at
io
ns
wi
th
in
a
la
ke
sa
mp
le
d
se
ve
ra
l
ti
me
s
wi
th
in
a
ye
ar
;
Th
e
st
at
is
ti
cs
ar
e
de
ri
ve
d
fr
om
an
un
pu
bl
is
he
d
dr
af
t
of
th
e
19
75
Re
po
rt
of
th
e
Up
pe
r
La
ke
s
Re
fe
re
nc
e
Gr
ou
p,
IJ
C.
Da
ta
on
La
ke
Hu
ro
n,
Ge
or
gi
an
Ba
y
an
d
th
e
No
rt
h
Ch
an
ne
l
ar
e
fr
om
Vo
l.
II
,
Ch
ap
te
r
5.
3
an
d
th
e
da
ta
fo
r
La
ke
Su
pe
ri
or
,
ar
e
fr
om
Vo
l.
11
1,
Ch
ap
te
r
5.
3.
LA
KE
SU
PE
RI
OR
,
NO
RT
H
CH
AN
NE
L,
-
19
73
LA
KE
HU
RO
N
-
19
74
De
te
ct
io
n
Pe
rc
en
t
of
Mo
da
l
95
pe
rc
en
ti
le
De
te
ct
io
n
Pe
rc
en
t
of
Mo
da
l
95
pe
rc
en
ti
le
Li
mi
t
Sa
mp
le
s
be
lo
w
Co
nc
'n
.
Co
nc
en
tr
at
io
n
Li
mi
t
Sa
mp
le
s
be
lo
w
Co
nc
'n
.
Co
nc
en
tr
at
io
n
(D
.L
.)
D.
L.
D.
L.
Cadm
ium
Ch
ro
mi
um
Co
pp
er
Ir
on
Le
ad
Me
rc
ur
y
Nic
kel
Zi
nc
7
2
63
S
3
6
3
5
7
46
7
2
N
N
6
c
d
o
10
0
S0
.
95
S
5
l.
3
1.
5
—
2.
5
98
31
.0
5
—
_
_
._
1.
0
10
2.
0
—
5.
0
6
0
l
0
2
3.
0
6.
0
-
N
N
I
D
L
H
O
O
O
O
N
N
I
ﬁ
l
ﬁ
O
O
O
O
O
H
cr
-
i
.
\
D
<
I
’
O
O
O
N
O
m
m
N
F
:
|
w
w
o
o
w
H
w
m
N
F
:
6
m
n
m
6
m
oq
L
n
H
.
o
o
H
I
I
o
o
o
o
H
o
H
H
4
1
GE
OR
GI
AN
BA
Y,
LA
KE
HU
RO
N,
LA
KE
HU
RO
N
-
19
74
-
19
71
De
te
ct
io
n
Pe
rc
en
t
of
Mo
da
l
95
pe
rc
en
ti
le
De
te
ct
io
n
Pe
rc
en
t
of
Mo
da
l
95
pe
rc
en
ti
le
Li
mi
t
Sa
mp
le
s
be
lo
w
Co
nc
'n
.
Co
nc
en
tr
at
io
n
Li
mi
t
Sa
mp
le
s
be
lo
w
Co
nc
'n
.
Co
nc
en
tr
at
io
n
(D
.L
.)
D.
L.
D.
L.
Ca
dm
iu
m
96
S
Ch
ro
mi
um
94
S
0
2
O
2
98
S0
.
0
2
0
2
Co
pp
er
0.
5
25
1.
0
0
5
l
5
l
0
l
0
70
S
28
$0
12
1.
38
S0
.5
87
$0
.5
5.
0
5
54
{0
.5
*
N
0
0
0
Ir
on
5
Le
ad
90
s
Me
rc
ur
y
-
-
—
—
—
Ni
ck
el
1.
0
10
2.
0
Zi
nc
1
O
20
2.
0
m
m
N
H
N
N
I
ﬁ
0
0
0
0
0
O
6
*
c
o
u
l
d
n
o
t
b
e
d
e
t
e
r
m
i
n
e
d
f
r
o
m
t
h
e
d
a
t
a
a
v
a
i
l
a
b
l
e
.
  
  
toxi
city
to a
lgae
(Cac
hter
g£_a
l.,
1973
).
Spec
ific
ion
elec
trod
es w
ere
used
to m
easu
re
ion
acti
vity
of c
oppe
r (Z
itko
gt_a
l.,
1973
).
Whil
e th
e me
asur
ed
ion
acti
vity
was
roug
hly
rela
ted
to c
oppe
r to
xici
ty t
o sa
lmon
, an
ion
acti
vity
bel
ow
200
ug/
R c
oul
d o
nly
be d
ete
rmi
ned
by
ext
rap
ola
tio
n.
Sha
w a
nd
Bro
wn
(197
4) a
lso
corr
elat
ed
copp
er t
oxic
ity
to t
rout
with
ion
acti
vity
as w
ell
as
with
esti
mate
d co
ncen
trat
ions
of c
arbo
nate
—com
plex
ed
and
NTA—
comp
lexe
d co
pper
.
They
conc
lude
d t
hat
toxi
city
was
best
char
acte
rize
d by
the
tota
l of
copp
er
(II) (= ion activity) and copper carbonate and not by a single form alone.
The standard chemical procedure of acidifying samples to pH 2 solubi—
lizes many loosely—bound forms of copper (= "acid extractable"). While this
may be undesirable when carrying out toxicity tests, it is an essential
procedure for assessing loadings and for assessing the potential harm of
COXiC forms and reservoirs of copper, as well as temporarily inactive forms
of copper.
Removal of phyto— and zooplankton from a sample is probably unnecessary
because their metal concentrations are low and their contribution to total
metal concentrations in water samples is minor. For example, copper concen-
trations in Lake Michigan phyto— and zooplankton were 6 and 5 mg/kg wet
weight respectively (Copeland and Ayers, 1972). Assuming a Lake Erie sea—
sonal maximum density of phytoplankton of 14 mg/Q (Vollenweider e£_al.,
1974) and of zooplankton of 1 mg/% (Watson, 1974), the total copper in plankton
would be equivalent to 0.089 ug/£ of copper in the water. Copper concentrations
in Lake Michigan water average 5 ug/Q (Copeland and Ayers, 1972). Thus in
whole—water the maximum error in the metal concentration of the sample during
plankton blooms would be about 2%. This value may be too high since plankton
in a bloom might deplete the metal ions in the water beingsampled rather
than adding metal ions. There is also a possibility of zooplankton "swarms"
with densities approaching one gram per litre. Such "swarms" might contribute
significantly to metal concentrations but the problem could be avoided by not
sampling under such extreme conditions. In addition, filtration to remove
micro—organism could be another problem -- the filter may add or remove ionic
copper (Marvin e£_§l,, 1970). A further problem may be anomalously high con—
centrations of metals in samples obtained from turbid inshore waters affected
by shoreline erosion. These concentrations should be interpreted with caution.
The measurement of metals in a sample that has been allowed to settle or that
has been filtered could also give erroneous results if metals which are
easily dissolved from particulate matter were removed.
Stiff (1971) has assembled a variety of methods and has outlined an
analytical routine for differentiating various forms of copper. However,
results of this approach have yet to be correlated to toxicity tests in a
variety of waters and are not suitable for application to routine monitoring.
However, it is hoped that future developments in the methodology for identi—
fying the various forms of metals will allow for refinements of objectives.
Obviously any such refinement in the determination of the chemical and physical
specification of an element will also require more elaborate sampling and
storage procedures.
Therefore, until the relationship between metal forms and their toxicity
is firmly established, and until there are reliable methods for monitoring
42
 such forms, water quality objectives for metals will refer to total concen-
Vtrations of each metal in an unfiltered, (whole water), digested sample.
Setting Objectives for Metals for Aquatic Biota
Concentrations of metals that are above the level required for the
nut
rit
ion
of
aqu
ati
c o
rga
nis
ms
but
whi
ch
are
bel
ow
the
ir
let
hal
lev
el
may
prod
uce
subt
le d
etri
ment
al e
ffec
ts t
o th
eir
orga
nism
s.
Thes
e ef
fect
s ma
y
range from the inhibition of a single enzyme to failure in reproduction. The
inhibition of a single enzyme may be of minor consequence or it may contribute
to r
epro
duct
ive
fail
ure.
If a
n aq
uati
c or
gani
sm i
s af
fect
ed i
n so
me w
ay b
y a
meta
l so
that
it f
ails
to r
epro
duce
, th
e po
pula
tion
of t
hat
orga
nism
may
disappear without evident direct mortality. Reductions in growth or in the
efficiency of various physiological functions, changes in behaviour, or
occu
rren
ce o
f ph
ysic
al a
bnor
mali
ties
may
all
redu
ce t
he p
roba
bili
ty o
f su
cces
s—
ful
rep
rod
uct
ion
of
an
org
ani
sm.
In
par
tic
ula
r,
avo
ida
nce
of
sub
let
hal
conc
entr
atio
ns o
f po
llut
ants
may
be h
armf
ul t
o po
pula
tion
s of
fish
by p
re—
venting migration to spawning areas or favourable feeding areas.
Thus
, t
he o
bjec
tive
s fo
r me
tals
are
set
at s
afe
conc
entr
atio
ns f
or
aqu
ati
c s
pec
ies
.
Saf
e c
onc
ent
rat
ion
s a
re
det
erm
ine
d a
s t
he
max
imu
m c
onc
en—
tra
tio
ns
sho
wn
to
hav
e n
o h
arm
ful
eff
ect
on
any
or
all
asp
ect
s o
f a
n a
qua
tic
org
ani
sm'
s r
epr
odu
cti
on,
phy
sio
log
y,
beh
avi
our
, g
row
th
or
any
oth
er
fun
cti
on
or
act
ivi
ty
ess
ent
ial
for
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mai
nte
nan
ce
of
its
pop
ula
tio
n.
In
add
iti
on
the
re
sho
uld
be
no
det
rim
ent
al
eff
ect
on
a f
ish
ery
bas
ed
dir
ect
ly
or
in—
dir
ect
ly
on
tha
t o
rga
nis
m.
An
uns
afe
con
cen
tra
tio
n i
s a
ny
con
cen
tra
tio
n
having a harmful effect.
Saf
e c
onc
ent
rat
ion
s a
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usu
all
y d
eve
lop
ed
by
lab
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y m
eas
ure
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sub
let
hal
tox
ici
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A m
eas
ure
men
t o
f c
onc
ent
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ion
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nhi
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pro
duc
ing
mor
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a s
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lif
e s
tag
e p
rov
ide
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dir
ect
mea
sur
e—
men
t o
f t
he
uns
afe
con
cen
tra
tio
n.
Mea
sur
eme
nts
of
con
cen
tra
tio
ns
inh
ibi
tin
g
phy
sio
log
ica
l p
roc
ess
es
are
mos
t u
sef
ul
whe
n t
he
rel
eva
nce
to
mai
nta
ini
ng
a
population of the test organism is defined.
Sa
fe
co
nc
en
tr
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io
ns
ma
y
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th
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e
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en
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(a)
Th
e
Ma
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le
To
xi
ca
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co
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at
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to
xi
ca
nt
ha
vi
ng
a
ha
rm
fu
l
ef
fe
ct
on
an
or
ga
ni
sm
(u
ns
af
e)
,
an
d
(2)
th
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at
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Th
e
th
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sh
ol
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me
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 TABL
E 3
CONCENTRATIONS (us/
L) 0F METALs IN FI
LTERED GREAT LAKES
WATER SAMPLED FROM
MUNICIPAL WATER INTAKES BETWEEN 1962 AND 1967 (KOPP AND KRONER, 1970)
DETECTION LAKE SUPERIOR LAKE MICHIGAN LAKE HURON LAKE ST. CLAIR LAKE ERIE ST. LAWRENCE R.
LIMITSe At Duluth At St. Marys R. At Milwaukee At Gary At Port Huron At Detroit At Buffalo At Massena
METAL (Hg/Q) Mean1 Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range
Aluminum 40 11 NBS-26 6 ND-lO Not measured 21 ND-58 24 ND—65 29 ND—68 31 ND—66 39 ND—148
Arsenic 100 Not measured -— -- - -— - ——- - ——— —— —-— —— ——— 38 ND—58
Cadmium 20 Not measured - -— o— -- - —-— -— -—— —— ——- 7 ND—12 Not measured
Chromium 10 9 ND—ZO 3 ND—7 -— —-—“ 10 ND-l9 5 ND—8 8 ND—13 7 ND—lO 26 ND—112
Copper 10 3 3-36 5 2—28 13 ND—34 4 ND—7 10 4-20 8 6—13 24 10-56 7 ND-23
Iron 10 23 2-83 19 ND—l68 20 ND—37 49 ND-114 16 ND—53 23 ND—62 19 4—84 22 ND—l7l
Lead 40 —— -——Z 6 ND-12 13 ND—zo 34 ND-ss 14 ND-28 21 ND—s3 Not measured 22 ND—48
Nickel 20 -— ———3 11 ND—28 ND ND ND ND ND ND - ———S -— ——-7 7 ND-lO
4
4
Silver 2 Not measured —— -- - ——— —- ——- -— -—— —- ——— —— ——- 2.6 ND-6.0
Zinc 20 9 ND—17 41 2-406 13 ND—23 25 10—55 12 ND-ZO 24 ND-69 178 64-423 41 ND-ZlO
1. Mean of concentrations above limits of detection in extracted samples.
2. Only two detections: 7 and 20 ug/£.
3. Only one detection: 2 ug/Q.
4. Only two detections: 2 and 4 ug/l.
5. ND = not detected at limits of analytical method.
6. Only two detections: 5 and 20 ug/k.
7. Only two detections: 13 and 21 ug/£.
8. Extraction methods allow the measurement of concentration below normal detection limits.
 
 there are error limits to both the application factor and the 96-
hour LCSO', a direct estimation of the MATC by experimentation is
preferable.
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 COPPER
RECOMMENDATION
It is recommended that the following new objective for copper be adopted:
Concentrations of totaZ copper in an unfiltered water sample snouZd not
exceed 5 micrograms per litre to protect aquatic Zife.
RATIONALE
Copper in water originates from mining activities, application of copper—
containing pesticides and algicides, burning of fossil fuels, industrial use
in electronics, metallurgy, chemicals production, etc. and corrosion of copper
pipes. Total copper in water is usually in the form of insoluble particulates,
soluble complexes and soluble divalent ions. The proportion in each form
depends on the amount of particulate and soluble complexing agents. These
agents may be materials such as humates or carbonates (Stiff, 1971). Copper
available to aquatic organisms for acute toxic action appears to be soluble
Cu2+ and, less importantly, CuC03 (Andrew, 1975 and Shaw and Brown, 1974). On
an experimental basis "toxic" or labile" copper has been estimated by (a)
calculation on the basis of cupric ion concentration, pH and alkalinity (Pagen—
kopf, 1974 and Shaw and Brown, 1974); (b) cupric ion electrode"(Zitko et al.,
1973 and Andrew, 1975) and (c) anodic stripping voltammetry (Gachter e£_al.,
1973). These measures of toxic copper have yet to be adapted to field studies
of copper toxicity and therefore most laboratory estimates of sublethal toxicity
to aquatic biota are based on measurements of total copper. There is also a
possibility that complexed, precipitated copper may ultimately have a toxic
effect on benthos.
The concentrations of copper in the Great Lakes are dependent on local
inputs. In parts of Georgian Bay and Lake Superior, for example, copper
concentrations are shown to rise in the spring (Star File data summaries,
Canada Centre for Inland Waters, Burlington and M.W.R.C., 1975). Possibly,
the copper accumulated during the winter from aerosol fallout is transported
to the water during the runoff period of the first snow melt. The model copper
concentrations in the upper lakes offshore are less than 2.5 ug/Q, and 95% of
the measurements are less than 5.0 ug/l. Chau et a1. (1971) in their review
of the variation of filtered copper in Lake Ontario showed that concentrations
were highest in the western and eastern portions of the lake and that the high
copper concentrations were associated with high iron concentrations, possibly
because of human activity. The average copper concentrations in water intakes
are shown to be as high as 24 ug/R, with maxima of less than 60 ug/Q and
minima of 2 ug/l (Table 3). Water intakes are more likely to be influenced by
effluents from local industrial or municipal sources than are offshore areas.
There is evidence that copper loadings from man's activities contribute
significantly to these observed concentrations.
For example, in soils from
bluffs eroded into Lake Erie, copper concentrations are about 27 ug/g. In
deep cores representative of pre—colonial times, Lake Erie sediments contain
about 29 ug/g. However, in recent sediments, the concentration is doubled to
about 57 ug/g (Kemp §£_§l,, 1976). This suggests that man's activities account
for 50% of the total animal input of copper to Lake Erie.
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 Copper
is
a
constituent
of
many
metalloenzymes
and
respiratory
pigments
and
is
an
essential
element
for
bacteria,
fungi,
blue
green
algae,
green
algae,
angiosperms,
invertebrates
and
vertebrates
(Bown,
1966).
In
public
water
supplies,
copper
presents
an
aesthetic
rather
than
a
toxicity
problem.
Since
oral
toxicity
to
adults
is
low,
the
U.S.
drinking
water
standard
is
set
at
1,000
ug/ﬁ
while
the
objective
is
less
than
10
ug/2
(DNHW,
1969).
Concentrations
of
copper
resulting
in
acute
toxicity
to
organisms
varies
considerably
with
the
hardness
or
alkalinity
of
water
because
the
concentrations
used
during
short
term
LC50
tests
are
close
to
the
limits
of
solubility
of
copper.
On
the
other
hand,
concentrations
of
copper
that
are
safe
for
aquatic
organisms
may
vary
somewhat
with
the
species
being
tested
and
the
response
being
measured,
but
vary
only
slightly
with
water
chemistry
because
copper
concentrations
are
below
the
limits
of
solubility
of
copper.
Freshwater
algae
are
quite
sensitive
to
copper.
Concentrations
inhibiting
respiration,
photosynthesis,
and
growth
are
generally
between
200
and
800
ug/l
(Wong,
1975).
However,
photosynthesis
of
Chlorella
pyrenoidosa
was
reduced
60%
by
only
20
pg/Q
copper
(Nielsen
et_al,,
1969).
Nielsen
e£_al,
(1969)
also
showed
that
toxicity
varied
with
exposure
time,
light
intensity,
initial
cell
concentration
and
composition
of
the
medium.
Obviously
data
for
copper
toxicity
to
algae
of
the
Great
Lakes
should
be
derived
from
bioassays
modelling
Great
Lakes
conditions.
In
addition,
synergistic
effects
on
algae
of
copper
and
nickel
have
been
noted,
as
well
as
heavy
metaltolerance
(Stokes
and
Hutchinson,
1975).
These
factors
should
be
considered
in
future
studies.
 
Growth
of
snails
(Campeloma
decisum,
Physa
integra)
was
reduced
significantly
between
8.0
and
14.8
ug/£
of
copper
(Arthur
and
Leonard,
1970)
while
growth
of
crayfish,
Orconectes
rusticus
was
reduced
at
15
ug/£
(Hubschman,
1967).
Mortality
of
young
Gammarus
pseudolimnaeus
prevented
completion
of
life
cycles
between
4.6
and
8.0
ug/2
(Arthur
and
Leonard,
1970).
Reproduction
of
Daphnia
magna
was
reduced
by
16%
at
22
ug/R
copper
and
by
50%
at
35
pg/R
copper
after
3
Weeks
exposure
in
Lake
Superior
water
of
45
mg/R
hardness.
The
3—week
LC50
was
44
ug/ﬂ
copper
(Biesinger
and
Christensen,
1972).
Activity
and
feeding
of
Daphnia
magna
were
reduced
at
27
ug/l
copper
in
Lake
Erie
water
of
about
120
mg/K
hardness
(Anderson,
1948).
 
Atlantic salmon
(Salmo salar) avoided 2.4 Ug/£ of copper in the laboratory.
In a tributary
of
the Miramichi River,
New Brunswick,
a spawning
run
of adult
salmon
was
reversed
when copper
and
zinc
concentrations
were
19
and
240 ug/Q,
respectively
(Sprague
et
al.,
1965).
It
is
impossible
to
tell
if
zinc
increased
or decreased
the
avoidance—of
copper
by the
salmon.
The net
result was
that
reproduction was
prevented
by a failure
to reach
spawning
beds.
_
Cough frequency of brook trout increased between 6 and 15 ug/l of copper
(Drummond et al.,
1973).
This provided an early indication of detrimental
Effects due—to—iong-term exposures since alevins of brook trout died between
9.5 and
17.4
pg/2
(McKim and
Benoit,
1971).
Further exposures
of
second
generation brook trout confirmed that 9.5 Ug/£ was safe for alevins (McKim and
Benoit, 1974).
Larvae of bluegill also appeared quite sensitive to copper
Since mortality occurred between 21 and 40 ug/l of copper (Benoit, 1975).
This was about twice the concentration required to kill brook trout larvae.
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s
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d
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g
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ra
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t
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te
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.
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wa
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/2
ha
rd
ne
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a
co
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tr
at
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n
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ee
n
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.6
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d
18
.4
ug
/R
of
co
pp
er
wa
s
ef
fe
ct
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e
in
bl
oc
ki
ng
sp
aw
ni
ng
(M
ou
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an
d
St
ep
he
n,
19
69
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re
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Th
e
ab
ov
e
we
re
al
l
la
bo
ra
to
ry
st
ud
ie
s
un
de
r
id
ea
l
co
nd
it
io
ns
.
In
a
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el
d
st
ud
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g
wa
te
r
of
va
ri
ab
le
qu
al
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y
en
ri
ch
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by
a
se
wa
ge
tr
ea
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en
t
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an
t,
Br
un
gs
_g
£.
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.
(1
97
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d
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g
pr
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ng
su
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s
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ea
d
mi
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re
du
ce
d
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ee
n
66
an
d
11
8
ug
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pp
er
.
Ha
rd
ne
ss
,
pH
,
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ss
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d
ox
yg
en
,
to
ta
l
di
ss
ol
ve
d
so
li
ds
an
d
ma
ny
ot
he
r
pa
ra
me
te
rs
va
ri
ed
co
nt
in
uo
us
ly
.
Th
er
ef
or
e,
it
is
di
ff
ic
ul
t
to
co
mp
ar
e
th
es
e
re
su
lt
s
wi
th
ot
he
r
st
ud
ie
s
si
nc
e
ea
ch
pa
ra
me
te
r
co
ul
d
af
fe
ct
bo
th
the
so
lu
bi
li
ty
of
co
pp
er
,
the
ph
ys
io
lo
gy
of
the
or
ga
ni
sm
,
an
d
the
bi
ol
og
ic
al
av
ai
la
bi
li
ty
of
co
pp
er
.
It
is
im
po
ss
ib
le
,
fr
om
th
e
fi
el
d
st
ud
y,
to
id
en
ti
fy
wh
ic
h
ch
em
ic
al
ch
ar
ac
te
ri
st
ic
of
wa
te
r,
or
com
bin
ati
on
of
cha
rac
ter
ist
ics
,
inf
lue
nce
d
the
res
pon
se
of
fat
hea
d
min
now
s
to
cop
per
.
The
che
mic
al
cha
rac
ter
ist
ics
of
wat
er
of
the
Gre
at
Lak
es,
how
eve
r,
are
rel
ati
vel
y
con
sta
nt
due
to
the
lak
es'
lar
ge
vol
ume
s.
In
add
iti
on,
alk
ali
n—
ity
,
ha
rd
ne
ss
,
di
ss
ol
ve
d
so
li
ds
,
etc
.
in
the
la
ke
s
ar
e
mu
ch
le
ss
th
an
in
the
fi
el
d
st
udy
.
Fo
r
ex
am
pl
e,
th
e
ma
xi
mu
m
ha
rd
ne
ss
in
La
ke
On
ta
ri
o
is
135
mg
/1
tha
t
in
the
fie
ld
stu
dy
was
352
mg/
l.
The
ref
ore
,
the
lab
ora
tor
y
dat
a
pro
bab
ly
pro
vid
e
the
bes
t
dat
a
for
con
sid
era
tio
n
of
the
eff
ect
s
of
cop
per
in
the
Gre
at
Lakes.
Cop
per
con
cen
tra
tio
ns
in
aqu
ati
c
bio
ta
are
gen
era
lly
low
.
Cop
ela
nd
and
Aye
rs
(19
72)
mea
sur
ed
6 a
nd
5 u
g/g
in
phy
to—
and
zoo
pla
nkt
on,
res
pec
tiv
ely
,
in
La
ke
Mi
ch
ig
an
.
In
an
im
al
s
fr
om
the
Il
li
no
is
Ri
ve
r,
Ma
th
is
an
d
Cu
mm
in
gs
(19
73)
me
as
ur
ed
th
e
fo
ll
ow
in
g
me
an
co
nc
en
tr
at
io
ns
:
Tubificids: 23 ug/g
Clams: 1.2—1.7 ug/g
Fish fillets: 0.07 — 0.19 ug/g
(Carnivorous)
Fish fillets: 0.10 — 0.24 ug/g
(Omnivorous)
The
se
res
ult
s
sug
ges
t
no
foo
d
cha
in
bio
acc
umu
lat
ion
.
How
eve
r,
sin
ce
onl
y
mus
cle
of
fis
h w
as
mea
sur
ed,
bio
acc
umu
lat
ion
can
not
be
ade
qua
tel
y a
sse
sse
d.
In
Gre
at
Lak
es
fis
h,
ave
rag
e
cop
per
in
who
le
fis
h r
ang
ed
fro
m 0
.8
-
2.7
ug/
g
(Lu
cas
and
Edg
ing
ton
,
197
0)
in
fis
h
liv
ers
fro
m 1
.5
—
28
ug/
g
(Lu
cas
and
Edg
ing
ton
,
197
0),
and
in
fis
h
fil
let
s
fro
m 0
.5
- 1
.28
ug/
g
(Ut
he
and
Bli
gh,
197
1).
The
48
concentrations
varied
little
from
lake
to
lake.
However,
in
a
more
recent
study,
B
r
o
w
n
a
n
d
C
h
o
w
(1975)
s
h
o
we
d
that
c
o
p
p
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
f
i
s
h
m
u
s
c
l
e
from
Baie
du
Dore,
Lake
H
ur
o
n
averaged
0.45
ug/g
while
those
in
fish
muscle
from
Toronto
H
a
r
b
o
ur
averaged
1.93
pg/g.
This
suggests
that
local
copper
c
o
n
t
a
m
i
n
a
t
i
o
n
m
a
y
be
reflected
in
fish
muscle
concentrations.
Experimental
exposures
of
brown
bullheads
to
copper
did
not
produce
significant
a
c
c
um
ul
a
t
i
o
n
s
of
c
o
p
p
e
r
in
the
o
p
e
r
c
l
e
,
red
b
l
o
o
d
c
e
l
l
s
or
b
l
o
o
d
p
l
a
s
m
a
(Brungs
et
al.,
1973).
H
o
w
e
v
e
r
,
t
h
e
r
e
wa
s
a
s
i
g
n
i
f
i
c
a
n
t
a
c
c
u
m
u
l
a
t
i
o
n
in
the
g
i
l
l
s
j
—
k
i
d
n
e
y
a
n
d
l
i
ve
r
at
w
a
t
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
27
—
53
pg/R.
T
h
e
s
e
r
e
s
i
d
ue
s
h
a
ve
not
b
e
e
n
associated
with
any
harmful
effects
on
bullheads.
A
l
t
h
o
ug
h
copper
concentrations
in
fish
tissues
may
indicate
exposure
of
fish
to
copper,
there
have
been
no
harmful
effects
to
fish
or
to
consumers
of
fish
reported
at
present
measured
copper
concentrations
in
the
Great
Lakes.
Therefore,
no
objective
for
copper
in
fish
tissues
is
recommended.
The
data
from
laboratory
studies
of
fish
reproduction
suggest
an
objective
for
copper
alone
in
water
of
10
ug/Q.
Eaton
(1973)
found
that
fathead
minnow
spawning
success
and
egg
production
were
reduced
between
5.3
and
6.7
ug/l
copper
when
low
concentrations
were
3.9
and
27.3
Ug/ﬂ,
respectively,
when
no
effect
was
observed
and
7.1
and
42.3
ug/Q,
respectively,
when
reproduction
was
affected.
Since
all
three
metals
could
occur
simultaneously
at
these
concen—
trations
in
the
Great
Lakes
and
since
the
young
of
Gammarus
pseudolimnaeus
are
very
sensitive
to
copper,
an
objective
for
copper
of
5
ug/Q
is
recommended.
This
objective
is
very
close
to
copper
concentrations
measured
offshore
in
the
Great
Lakes
(Table
2).
Since
only
total
copper
concentrations
were
measured
during
monitoring
and
sublethal
toxicity
studies
in
the
laboratory,
the
relation—
ship
between
toxicity
and
the
amount
of
copper
available
for
toxic
action
is
unknown.
In
other
words,
measured
total
copper
concentrations
in
the
lakes
exceeding
the
objective
may
be
harmless
if
the
copper
is
complexed
and
unavail—
able
to
aquatic
organisms.
Until
adequate
methods
for
assessing
this
situation
are
available,
the
objective
will
refer
to
total
copper.
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IRON
RECOMMENDATION
It
is
recommended
that
the
following
revised
objective
for
iron
be
adopted:
Concentrations
of
totaZ
iron
in
an
unfiltered water
sampZe
should
not
exceed
300
micrograms
per
Zitre
to protect
aquatic
life.
RATIONALE
Iron
is
present
in
high
concentrations
in
most
rocks
and
soils,
as
well
as
in
ore
deposits.
Input
to
the
Great
Lakes
originates
with
weathering
of
rocks
and
soils;
mining
and
processing
of
iron
ores;
steel
making
and
metal
fabricating;
burning
of
fossil
fuels;
corrosion
of
iron
or
steel
products
in
use;
and
corrosion
of
iron
or
steel
products
in
junkyards,
dumps
and
stream
beds.
Total iron concentrations in water may easily exceed 1,000 ug/R.
How—
ever, much of this iron may be in the form of suspended insoluble hydroxides
or as a complex of an organic molecule such as a humic acid.
The amount of
iron in an insoluble nonionic form will approach 100 percent in waters of
high dissolved oxygen because the ferric [Fe(III)] form predominates and it
is relatively insoluble.
In waters of low dissolved oxygen, iron may be
reduced to the ferrous form [Fe(II)] and some iron will be in solution as an
ion.
This is accentuated by the fact that ferrous iron may be released from
lake sediments if the water above the sediments becomes totally anaerobic;
the release of iron being the result of a shift in the redox potential below
a critical level at the sediment surface (OMB, 1974).
Total concentrations of iron the Great Lakes average less than 120
Ug/l, (CCIW, unpublished data). Concentrations of iron passing a 0.45 u
filter are less than 7 ug/R in 95% of all samples (Table 2).
Inshore, iron
in filtered samples average less than 50 ug/Z in water intakes and concen-
trations never exceeded 200 ug/£ (Table 3). In waters adjacent to known
sources of iron in the Great Lakes, concentrations may be much higher. For
example, in Hamilton Bay in 1972, total iron concentrations were always
greater than 200 ug/k, and most samples were between 300 and 700 ug/ﬁ.
Some
samples were
recorded
as
high as
3,700
ug/R
(OME.
1974)-
Iron is an essential element for all organisms. It is a catalyst that
activates a number of oxidases, and it is a constituent of many oxidizing
metalloenzymes, respiratory pigments and proteins of unknown function (Bowen,
1966)- Because iron can exist in oxidation states ranging from Fe(II) to
Fe(VI), it is useful in a wide variety of biological processes. However, its
low solubility in the ferric [Fe(III)] form means it is absorbed very poorly
from drinking water (Jacobs and Worwood, 1974). This explains why iron
deficiency anemia may OCCUrwhere iron is found in drinking water. To
adequately absorb iron, the iron must be reduced to the ferrous state or
complexed with an organic or inorganic ligand that can be taken up by the
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E
Bell,
1969).
Reproduction
of
Daphnia
magna
was
reduced
to
50
percent
and
16
percent
of
control
values
by
5,200
and
4,380
ug/R,
respectively
and
the
3—
week
LC50
was
5,900
pg/K
(Biesinger
and
Christensen,
1972).
The
safe
con-
centration
for
reproduction
and
growth
of
Gammarus
minus
was
less
than
3,000
pg/Q
(Sykora_gt
31.,
1975).
_"
Fish
are
also
affected
by
iron.
Smith
et
a1.
(1973)
observed
reduced
survival
of
fry,
and
a
50 percent
reduction
in
egg hatchability
of
fathead
minnows
(Pimephale§_promelas)
at
1,500
pg/Q.
However,
brook
trout
(Salve-
linus
ﬁghtinalis)
egg
hatchability
was
affected
only
at
concentrations
above
12,000
Dg/ﬂ
(Sykora
et
a1.,
1975).
The
safe
concentration
for
brook
trout,
based
on
mortality
of
juveniles,
was
between
7,500
and
12,520
ug/l.
 
While
there
is
considerable
variation
in
acceptable
concentrations,
there
is
general
agreement
that
the hydroxide
precipitate
interferes with
respiration
through
the
chorion
in
fish
eggs
and
impairs
gill
function
of
gill-breathing
organisms
by
occlusion
of
the lamellae.
Warnick
and
Bell
(1969)
and
Smith
etaﬁlf
(1973)
have
identified
these
effects
at
or near
1,000
pg/R.
Sykora
et
a1.
(1972)
found
that
the
fine
floc
formed
at
low
iron
concentrations
(1,500
ug/Q)
caused
more
damage
to
fathead minnow
eggs
than
the
large
floc
formed
at
high
iron
concentrations.
Therefore,
in
order
to
protect all forms of aquatic organisms,
formation of ferric hydroxide
floc
should be limited.
A ferric hydroxide floc should not form at total iron
concentrations
less than
300 ug/Q
(NAS/NAE,
1973).
The water quality objective for iron, as specified in Annex 1, paragraph
1(f) of the Canada-U.S. Agreement on the Great Lakes is, "levels should not
exceed 0.3 milligrams per litre".
Since this was based on filtration of raw
water to protect public water supplies, it did not provide an objective for
the iron hydroxide floc. Therefore. to protect raw water for public water
supplies, and to prevent harm to aquatic biota, it is recommended that the
objective for total iron in unfiltered water be 300 pg/R.
LITERATURE CIT D
Biesinger, K.E. and G.M. Christensen. 1972. Effects of various metals
on survival, growth, reproduction and metabolism of Daphnia magna.
J. Fis. Res. Board Can. 29: 1691-1700.
Bowen, H.J.M. 1966. Trace elements in Biochemistry. Academic Press.
London and New York. 241 pp,
D.N.H.W. 1969. Canadian Drinking Water Standards and Objectives, 1968.
Prepared by the Joint Committee on Drinking Water Standards of the
Advisory Committee on Public Health Engineering and the Canadian
Public Health Association. Published by the Dept. of National
Health and Welfare, Ottawa. 39 pp.
Ellis. M.M. 1937. Detection and measurement of stream pollution.
Bull. No. 22, U.S. Bur. of Fisheries; Bull. Bur. Fisheries 48:
365—437.
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NICKEL
RECOMMENDATION
It is recommended that the following new objective for nickel be adopted:
Concentrations of total nickel in an unfiltered water sample should not
exceed 25 micrograms per litre to protect aquatic life.
RATIONALE
Nickel is both produced and used on a large scale in the Great Lakes
Basin. Production is centered in the Sudbury area and use is centered in
the lower Great Lakes. Nickel is used primarily in metallurgy, metal fab—
ricating and production of nickel pigments. The total used in the Great
Lakes Basin was about 4.5 million pounds in 1968. Nickel enters the waters
of the Great Lakes directly or indirectly from atmospheric inputs due to
burning of fossil fuels, processing of nickel ores, waste incineration and
possibly from gasoline to which nickel is added (Fenwick, 1972). Direct
inputs to water may occur from manufacture of nickel pigments, nickel con—
taining alloys, or nickel—plated metal products. Nickel salts are quite
soluble butoccur naturally only at very low concentrations (Fenwick, 1972).
Modal nickel concentrations offshore in the upper Great Lakes are less
than 5.0 ug/K. Nickel is often not detectable in lake water and 95% of
samples are less than 6.0 ug/£ (Table 2). In water intakes, nickel concen—
trations are higher, with means as high as 11 ug/R and individual samples as
high as 28 ug/R. However, nickel is often not detectable in water intakes
(Table 3). There is some evidence for nickel contamination of Georgian Bay,
perhaps due to fallout in the Sudbury Watershed from nickel smelting ope—
rations (CCIW, Star File).
Nickel has not been identified as a nutrient or essential element for
plants and animals (Bowen, 1966; Underwood, 1971). Therefore, the principal
biological activity of nickel is as a toxicant. Nickel toxicity to wildlife
has not been reported but toxicity to man and experimental mammals has been
demonstrated. The principal toxic actions are dermatitis following exposure
to nickel in plating solutions and induction of lung cancer after chronic
inhalation (Smith, 1972). Oral toxicity of nickel is extremely low, since
concentrations greater than 1,000 ug/g in food are required to reduce growth
of rats and mice (Underwood, 1971). There are no drinking water or livestock
water criteria for nickel (NAS/NAE, 1973; DNHW, 1969).
Nic
kel
is
cla
ssi
fie
d a
s v
ery
tox
ic
to
pla
nts
by
Bow
en
(19
66)
(to
xic
effects observed at concentrations below 1 mg/R in a nutrient solution).
How
eve
r,
som
e f
ung
i a
nd
pla
nts
are
ada
pte
d t
o g
row
in
hig
h c
onc
ent
rat
ion
s
(Bo
wer
, 1
966
).
Thi
s t
ole
ran
ce
has
als
o b
een
obs
erv
ed
in
alg
al
pop
ula
tio
nS.
'Growth of "normal" Scenedesmus was inhibited 100 percent by 500 ug/R nickel
whil
e 1,
500
ug/R
were
requ
ired
to p
rodu
ce t
he s
ame
effe
ct i
n "t
oler
ant"
§£
§E
§§
2§
E§
§
(S
to
ke
s
et
al
.,
19
73
).
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e
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e
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d
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ig
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bur
y r
egi
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tam
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kel
.
Oth
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lga
e a
ppe
ar
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less sensitive, with toxic effects being observed at l,500—10,000 ug/R
(Won
g, 1
975)
.
It w
0uld
appe
ar t
hat
alga
e ar
e le
ss s
ensi
tive
than
terr
estr
ial
plan
ts a
ccor
ding
to B
owen
's
(196
6) d
efin
itio
n.
Whil
e ni
ckel
does
not
appe
ar
to be overly toxic to algae by itself, recognition must be given to the
syne
rgis
tic
effe
ct o
f ni
ckel
on c
oppe
r to
xici
ty t
o al
gae
(Sto
kes
and
Hut—
chinson, 1975).
Acute nickel toxicity to invertebrates varies with the species. The 96—
hour LC50's for a stonefly (Acroneuria sp.), a mayfly (Ephemerella subvaria)
and a caddisfly (Hydropsyche bettoni) were 33,500, 4,000 and >14,000 pg/Q.
respectively, (Warnick and Bell, 1969). The 48~hour LC50 for Daphnia magna
in Lake Superior water was 1,120 ug/R in the presence of food and 510 ug/R
in the absence of food (Biesinger and Christensen, 1972). The 64—hour EC50
for immobilization of Daphnia magna in Lake Erie water was >700 pg/R (Ander—
son, 1948). Chronic three—week nickel exposures to Daphnia magna caused 50%
mortality at 130 ug/R and 50% and 16% reproductive impairment at 95 and 30 pg/Q,
respectively (Biesinger and Christensen, 1972).
 
Acute nickel toxicity to fish is less than that of copper or zinc. The
48—h0ur LC50 for rainbow trout is 32,000 ug/R while those for copper and zinc
were 750 and 4,000 Ug/l, respectively (Brown and Dalton, 1970). The 96-hour
LC50 for fathead minnows is 2,500-2,800 ug/R at a hardness of 210 mg/2
(Pickering, 1974). In static bioassays, the 96—hour LCSO for fathead minnows
was 5,000 ug/R at 20 mg/2 hardness and 43,000 pg/Q at 360 mg/2 hardness
(Pickering and Henderson, 1966).
In chronic exposures, reproduction of fathead minnows was unaffected by
380 ug/R nickel but 730 ug/Q reduced egg production and hatchability of eggs
(Pickering, 1974).
The nickel content of fish is normally quite low. Uthe and Bligh (1971)
found nickel concentrations uniform1y below 0.2 ug/g in fillets of Great
Lakes fish. They noted no variation with location or species of fish. In a
survey of an Illinois River ecosystem, nickel concentrations decreased from
the sediments (27 pg/g) to tubificid worms (11 ug/g) to clams (1.5 ug/g) to
omnivorous fishes (0.17 ug/g) to carnivorous fishes (0.12 ug/g) to water (2
ug/R) (Mathis and Cummings, 1973). Therefore, the concentrations decreased
with increasing trophic level. Kariya e£_al, (1965) showed that, at lethal
concentrations of nickel in water, nickel levels in fish increased from not
detectable to as high as 70 ug/g.
However, at low, but still lethal concentrations, nickel was not detect—
able. Therefore, there are no concentrations of nickel that have been asso—
ciated with sublethal toxicity. Since a nickel oral toxicity to fish consumers
is not defined, no objective for nickel concentrations in fish is recommended.
For the protection of aquatic life, an objective of 25 pg/Q is recommended
for nickel in water.
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SILVER
RECOMMENDATION
It
is
recommended
that
the
following
new
objective
for
silver
be
adopted:
Concentrations
of‘total
silver
in
an
unfiltered
water
sample
should
not
exceed
0.]
micrograms
per
litre
to
protect
aquatic
life.
RATIONALE
Silver
occurs
in
the
native
state
as
a
constituent
of
various
natural
alloys
and
in
a
great
variety
of
minerals
combined
with
sulfur,
antimony,
arsenic,
tellurium
and
selenium
(Boyle,
1968).
The
average
silver
content
of
soils
is
about
0.10
mg/kg
and
certain
coals
contain
considerable
amounts
of
silver
(2—10
mg/kg
in
the
ash).
The
silver
halides,
such
as
silver
iodide,
are
relatively
insoluble
in
water
in
contrast
to
silver
nitrate,
the
most
common
salt.
A
very
comprehensive
review
of
the
sources,
use,
distribution,
losses
to
the
environment
and
human
health
aspects
of
silver
has
been
prepared
by
Carson
and
Smith
(1975).
The
results
of
calculated
particulate
emissions
of
trace
elements
from
air
pollution
sources
in
Chicago,
Milwaukee
and
northwest
Indiana
indicate
that
approximately
3,000
kg
per
year
of
silver,
attributed
totally
to
fuel
oil,
enters
the
atmosphere
in
the
vicinity
of
Lake
Michigan
(USEPA,
1972).
Photoprocessing
is
also
a source
of
silver.
The mean
silver
concentration
in
effluent
from
a photographic
industry's activated
sludge
plantwas
70
Ug/R.
In the Genessee River,
downstream from another photoprocessing
plant,
silver
concentrations
were
as
high as
260 ug/£ although most
samples
were less than 20 ug/ﬂ.
Water in a nearby Lake Ontario water intake had a
concentration of 1 ug/% silver, and sediments of the Genessee showed elevated
silver
concentrations
(Bard
et
al.,
1976).
Other sources of silver emissions to the environment are from mining
and processing of silver ores, industrial electronics use, and cloud seeding
With the silver halides.
Analyses of various effluents from municipal
wastewater treatment plants indicated silver concentrations from 0.05 — 45
Ug/R (Carson and Smith, 1975).
Copeland and Ayers (1972) found an average of 0.3 ug/R silver in Lake
Michigan waters. In a survey of trace metals in the waters of the United
States, Kopp and Kroner (1967) indicated that silver was detectable in less
than 7 percent of all samples with a mean observed value of 2.6 ug/k.
The greatest occurrence of silver was in the Colorado River basin where it
was observed in 18% of the samples at a mean concentration of 5.8 pg/l.
In the St. Lawrence River, concentrations in water from inshore intake
Pipes ranged from non—detectable to 6 ug/R. The mean concentration was 2.6
Ug/Q- These concentrations are suspiciously high in light of toxicity data
and the much lower values observed by Copeland and Ayers (1972) and Bard et
31. (1976). They suggest either local inshore contamination or deficiencies
in the analytical procedures. Silver has not been included in past monitoring
0f offShore water quality in the Great Lakes.
61
     
  
Th
er
e
ar
e
fe
w
da
ta
on
ma
mm
al
ia
n
to
xi
ci
ty
of
si
lv
er
.
In
ra
ts
,
th
e
24
—
48
hr
.
LD
50
fo
r
Ag
N0
3
wa
s
25
.2
mg
/k
g
an
d
th
e
si
lv
er
ac
cu
mu
la
te
d
in
th
e
he
ar
t,
lu
ng
s,
sp
le
en
,
ki
dn
ey
an
d
li
ve
r
(D
eQ
ui
dt
et
al
.,
19
74
).
Qu
al
it
y
Cr
it
er
ia
fo
r
Wa
te
r
(E
PA
,
19
76
)
re
co
mm
en
ds
a
li
mi
t
of
50
ug
/Q
fo
r
do
me
st
ic
wa
te
r
su
pp
li
es
ba
se
d
on
va
ri
ou
s
hu
ma
n
sy
mp
to
ms
in
cl
ud
in
g
ar
gy
ri
a,
a
lo
ca
li
ze
d
sk
in
di
sc
ol
or
at
io
n
(g
re
yn
es
s)
fo
ll
ow
in
g
pr
ol
on
ge
d
in
ge
st
io
n.
Ar
gy
ri
a
in
th
e
ey
e
ca
n
le
ad
to
bl
in
dn
es
s
an
d
in
th
e
lu
ng
to
in
te
rf
er
en
ce
in
fu
nc
ti
on
(C
ar
so
n
an
d
Sm
it
h,
19
75
).
In
Ca
na
da
,
th
e
ma
xi
mu
m
pe
rm
is
si
bl
e
co
nc
en
tr
at
io
n
is also 50 Ug/£ (DNHW, 1969).
A
su
rv
ey
of
si
lv
er
to
xi
ci
ty
to
ba
ct
er
ia
sh
ow
ed
th
at
gr
ow
th
of
My
co
ba
c—
te
ri
um
,
th
e
mo
st
se
ns
it
iv
e
sp
ec
ie
s
te
st
ed
,
wa
s
co
mp
le
te
ly
in
hi
bi
te
d
by
10
ug
/%
(G
ol
ub
ov
it
ch
,
19
74
).
Gr
ow
th
of
As
pe
rg
il
lu
s
ni
ge
r,
th
e
le
as
t
se
ns
it
iv
e
sp
ec
ie
s,
wa
s
co
mp
le
te
ly
in
hi
bi
te
d
by
50
0
ug
/£
.
Si
lv
er
is
cl
as
si
fi
ed
as
ve
ry
to
xi
c
to
pl
an
ts
by
Bo
we
n
(1
96
6)
wh
o
ob
se
rv
ed
to
xi
c
ef
fe
ct
s
at
co
nc
en
tr
at
io
ns
be
lo
w
1
mg
/R
in
th
e
nu
tr
ie
nt
so
lu
ti
on
.
Gr
ow
th
of
Ch
lo
re
ll
a
py
re
no
id
os
a,
Ch
ae
to
ce
ro
s
ga
lv
es
to
ne
ns
is
an
d
Cy
cl
ot
el
la
na
na
wa
s
co
mp
le
te
ly
in
hi
bi
te
d
by
10
0
ug
/K
of
si
lv
er
(F
it
zg
er
al
d,
19
67
;
Ha
nn
an
an
d
Pa
to
ui
ll
et
,
19
72
).
A
co
nc
en
tr
at
io
n
of
42
0
ug
/Q
wa
s
hi
gh
ly
to
xi
c
to
si
x
sp
ec
ie
s
of
al
ga
e
(P
al
me
r
an
d
Ma
lo
ne
y,
19
55
).
Th
e
mo
st
se
ns
it
iv
e
al
ga
ap
pe
ar
s
to
be
Sc
en
ed
es
mu
s
sp
.
Sc
en
ed
es
mu
s
de
mo
ns
tr
at
ed
no
in
cr
ea
se
in
'c
el
l
gr
ow
th
af
te
r
fi
ve
da
ys
ex
po
su
re
to
a
co
nc
en
tr
at
io
n
of
si
lv
er
of
30
ug/l (Bringmann and Kuhn, 1959).
  
In
ve
rt
eb
ra
te
s
ar
e
al
so
se
ns
it
iv
e
to
si
lv
er
.
Af
te
r
24
ho
ur
s,
50
pe
rc
en
t
or
mo
re
of
Da
ph
ni
a
ma
gn
a
we
re
de
ad
or
ob
vi
ou
sl
y
in
ca
pa
ci
ta
te
d
at
a
co
nc
en
—
tr
at
io
n
of
19
ug
/R
si
lv
er
(B
ri
ng
ma
nn
an
d
Ku
hn
,
19
59
).
Af
te
r
64
ho
ur
s,
50
pe
rc
en
t
of
Da
ph
ni
a
ma
gn
a
we
re
im
mo
bi
li
ze
d
at
a
co
nc
en
tr
at
io
n
of
si
lv
er
of
3.
2
ug
/l
(A
nd
er
so
n,
19
48
).
Fi
ft
y
pe
rc
en
t
of
a
pl
an
ar
ia
n
po
pu
la
ti
on
(P
ol
yc
el
is
ni
gr
a)
we
re
ki
ll
ed
wi
th
in
2
da
ys
at
an
ex
po
su
re
to
si
lv
er
of
15
0
ug
/R
(J
on
es
,
19
40
).
Ne
hr
in
g
(1
97
3)
te
st
ed
th
e
re
sp
on
se
of
se
ve
ra
l
aq
ua
ti
c
in
se
ct
s
to
si
lv
er
.
Th
e
15
—d
ay
LC
50
fo
r
si
lv
er
fo
r
ma
tu
re
st
on
ef
ly
na
ia
ds
(P
te
ro
na
rc
ys
ca
li
fo
rn
ic
a)
wa
s
8.
8
ug/
l.
Im
ma
tu
re
na
ia
ds
of
the
sa
me
sp
ec
ie
s
we
re
mo
re
se
ns
it
iv
e
wi
th
a
7—
da
y
LC
SO
of
le
ss
th
an
4
ug/
%.
Ne
ar
ly
al
l
ma
yf
li
es
(E
ph
e—
me
re
ll
a
gr
an
di
s)
we
re
ki
ll
ed
in
co
nc
en
tr
at
io
ns
of
si
lv
er
as
lo
w
as
9
ug
/R
aft
er
10
day
s.
The
lar
ges
t
bio
con
cen
tra
tio
n
fac
tor
was
abo
ut
300
tim
es
wit
h
a
ti
ss
ue
le
ve
l
of
20
mg
/k
g.
Th
e
96—
hr.
LC
50
's
for
Me
rc
en
ar
ia
me
rc
en
ar
ia
(ha
rd
cla
m)
an
d
Cr
as
so
st
re
a
vi
rg
in
ic
a
(oy
ste
r)
we
re
21
an
d
5.
8
ug
/%
re
sp
ec
ti
ve
ly
in
sea
wat
er
at
a t
emp
era
tur
e
of
26°
C.
(Ca
lab
res
e
and
Nel
son
,
197
4;
Cal
abr
ese
and
Col
lie
r,
197
3).
"Ef
fec
tiv
e
con
tro
l”
of
the
nem
ato
de
Pra
tyl
enc
hus
pen
etr
ans
,
a
pla
nt
par
asi
te,
was
ach
iev
ed
wit
h
10
ug/
R
sil
ver
,
alt
hou
gh
oth
er
nem
ato
des
wer
e
les
s
sen
sit
ive
(Pi
tch
er
and
McN
ama
ra,
197
2).
Fir
st
sta
ge
lar
vae
of
a
mar
ine
cru
sta
cea
n,
Pal
aem
gn
ser
rat
us,
cha
nge
d t
hei
r o
rie
nta
tio
n t
o l
igh
t a
t
200
—50
0 u
g/l
sil
ver
,
con
cen
tra
tio
ns
sim
ila
r t
o t
he
96—
hr.
LCs
o.
Lar
vae
of
Car
cin
us
mae
nus
wer
e m
ore
sen
sit
ive
wit
h a
96-h
r.
LCS
O o
f 1
0—1
00
ug/
l a
nd
a
change in photokinesis at l ug/Q (Amiard, 1976).
 
Jon
es
(193
9)
exp
ose
d s
tic
kle
bac
ks
(Ga
ste
ros
teu
s a
cul
eat
us)
for
10
day
s
and
obs
erv
ed
no
mor
tal
ity
dif
fer
ent
fro
m t
he
con
tro
ls
at
a s
ilv
er
con
cen
tra
tio
n
of 3.0 ug/%. At higher concentrations, mortality was increased. Bluegills
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"
.
m
u
m
—
W
W
a
(Lepomis macrochirus) and largemouth bass (Micrgpterus salmoides) were exposed
to silver nitrate at concentrations of 77 and 0.9 ug/Q (Coleman and Cearley,
1974). At 77 ug/R, all of the largemouth bass died within 24 hours while the
bluegill survived for six months. Tissue concentrations equilibrated within 2
months of exposure and resulted in a maximum bioconcentration factor of approx—
imately 200 times. The 96—hr. LC50 for killifish (Fundulus heteroclitus) was
40 ug/R while 30 ug/Q inhibited hepatic alkaline phosphatase, xanthine oxidase,
catalase and RNA—ase and 20 ug/Q increased activity of hepatic o—amino levulinic
acid dehydratase (Jackim, 1973).
  
A two—month exposure of rainbow trout starting with the egg stage resulted
in a total mortality of the fish at all concentrations equal to or greater
than 2.5 ug/Q (Goettl et al., 1973). Hatching of the eggs was greatly acce—
lerated at those concentrations and this caused insufficiently developed
larvae. At a concentration of 1.2 ug/Q there was a 40 percent mortality and
the next lower concentration of 0.6 ug/Z resulted in reduced growth of the
rain
bow
tr0u
t.
In a
subs
eque
nt s
tudy
(Goe
ttl
et a
l.,
1974
) th
ere
was
a si
gni—
fica
nt r
educ
tion
in g
rowt
h af
ter
nine
mont
hs a
t a
conc
entr
atio
n of
silv
er o
f
0.69
ng/Q
.
Prem
atur
e ha
tchi
ng o
f eg
gs a
nd r
etar
ded
sac
fry
deve
lopm
ent
occu
rred
at s
ilve
r co
ncen
trat
ions
of 0
.69,
0.34
and
0.17
ug/R
. A
fter
18 m
onth
s, p
erce
nt
mortality for the various concentrationsof silver were: 0.69 ug/Q, 95%; 0.34
Ug/Q
, 4
9%;
0.1
7 p
g/Q,
36%;
and
at
0.09
ug/Q
, 1
7%.
The
mor
tal
ity
at
0.0
9 u
g/ﬁ
was
not
diff
eren
t fr
om t
hat
of t
he c
ontr
ol.
Goet
tl a
nd D
avie
s (
1975
) co
ntin
ued
the
ir
stu
die
s o
n s
ilv
er
tox
ici
ty
by
usi
ng
sil
ver
iod
ide
(so
lub
ili
ty
= 0
.3
ug/R
) in
cont
rast
to e
arli
er s
tudi
es t
hat
used
silv
er n
itra
te.
The
expo
sure
beg
an
wit
h r
ain
bow
tr0
ut
egg
s a
nd
aft
er
thr
ee
mon
ths
exp
osu
re
the
re
was
sig
ni—
fic
ant
mor
tal
ity
of
fry
aft
er
swi
m—u
p a
t c
onc
ent
rat
ion
s o
f 0
.19
pg/
K a
nd
ab0
ve.
A c
onc
ent
rat
ion
of
0.1
1 U
g/R
was
not
sig
nif
ica
ntl
y d
iff
ere
nt
fro
m t
he
con
tro
l.
Mor
e r
ece
nt
dat
a p
res
ent
ed
by
Dav
ies
(19
76)
sho
w t
hat
mor
tal
ity
of
fry
aft
er
swi
m-u
p d
ecr
eas
ed
fro
m 3
8%
at
0.5
0 p
g/Q
sil
ver
to
18%
at
0.1
3 u
g/Q.
The
re
was
no
con
tro
l m
ort
ali
ty,
and
3%
mor
tal
ity
at
.07
ug/Q
.
Dav
ies
(197
6)
rec
omm
end
ed
a c
onc
ent
rat
ion
bet
wee
n .
07
and
.13
ug/
l a
s b
ein
g "
saf
e".
Fr
ee
ma
n
(19
75)
st
ud
ie
d
the
an
nu
al
at
mo
sp
he
ri
c
an
d
hy
dr
ol
og
ic
si
lv
er
bu
dg
et
of
an
al
pi
ne
la
ke
sy
st
em
.
In
th
is
ar
ea
si
lv
er
io
di
de
is
th
e
mo
st
wid
ely
use
d
pre
cip
ita
tio
n
nuc
lea
tin
g
age
nt
for
wea
the
r
mod
ifi
cat
ion
.
Sil
ver
iod
ide
is
com
mon
ly
inj
ect
ed
int
o
the
atm
osp
her
e
by
sur
fac
e
gen
era
tor
s
or
air
bor
ne
pyr
ote
chn
ic
fla
res
.
Sub
-mi
cro
n
sil
ver
iod
ide
par
tic
les
are
thu
s
in
tr
od
uc
ed
in
to
the
at
mo
sp
he
re
.
Ro
ut
in
e
bu
rn
ra
te
s
ra
ng
e
fr
om
0.1
to
0.5
g
of
si
lv
er
io
di
de
pe
r
mi
nu
te
for
pe
ri
od
s
ra
ng
in
g
fr
om
2—8
hou
rs.
The
am
ou
nt
of
si
lv
er
fa
ll
in
g
in
ra
in
wi
ll
de
pe
nd
on
th
e
su
cc
es
s
of
se
ed
in
g
an
d
th
e
co
nc
en
—
tr
at
io
n
wi
ll
de
pe
nd
on
th
e
ra
ti
o
of
"s
il
ve
r
se
ed
"
to
wa
te
r.
So
me
ty
pi
ca
l
va
lu
es
fo
r
ra
in
fa
ll
ar
e
l~
21
6
ng
/R
wh
il
e
ra
in
fa
ll
af
fe
ct
ed
by
cl
ou
d
se
ed
in
g
ma
y
co
nt
ai
n
1-
4,
50
0
ng
/Q
.
Sn
ow
af
fe
ct
ed
by
cl
ou
d
se
ed
in
g
co
nt
ai
ne
d
11
0
ng
/%
du
ri
ng
on
e
st
ud
y
(C
ar
so
n
an
d
Sm
it
h,
19
75
).
Co
nc
en
tr
at
io
ns
of
si
lv
er
in
mu
sc
le
0f
cu
tt
hr
oa
t
tr
ou
t,
de
te
rm
in
ed
by
at
om
ic
ab
so
rp
ti
on
sp
ec
tr
op
ho
to
me
tr
y,
we
re
'f
ro
m
0.
11
to
0.
37
mg
/k
g.
Th
e
co
nc
en
tr
at
io
ns
in
th
e
bo
ne
ra
ng
ed
fr
om
2.
6
to
4.
4
an
d
in
th
e
li
ve
r
fr
om
0.
29
to
2.
32
mg
/k
g.
Co
nc
en
tr
at
io
ns
in
th
e
wa
te
r
it
se
lf
ra
ng
ed
fr
om
0.
24
to
0.
76
ug
/l
.
Co
nc
en
tr
at
io
n
fa
ct
or
s
fo
r
li
ve
r
an
d
mu
sc
le
ap
pe
ar
to
ra
ng
e
fr
om
14
0
—1
0,
00
0
wi
th
a
po
te
nt
ia
l
co
nc
en
tr
at
io
n
fa
ct
or
fo
r
bone of up to 18,000.
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Cop
ela
nd
and
Aye
rs
(19
72)
det
erm
ine
d t
he
ave
rag
e t
rac
e e
lem
ent
con
cen
—
tra
tio
ns
in
Lak
e M
ich
iga
n u
sin
g n
eut
ron
act
iva
tio
n.
The
con
cen
tra
tio
n i
n
wat
er
was
0.3
ug/l
; s
edi
men
t,
0.6
mg/
kg;
zoo
pla
nkt
on,
0.0
4 m
g/k
g;
ben
tho
s
0.1
0 m
g/k
g;
phy
top
lan
kto
n.
0.0
9 m
g/k
g;
and
fis
h,
0.0
1 m
g/k
g.
The
fis
h
sam
ple
s w
ere
the
edi
ble
por
tio
ns
and
all
res
ult
s a
re
bas
ed
on
wet
wei
ght
.
The
obs
erv
ed
sil
ver
con
cen
tra
tio
n f
act
ors
in
Lak
e M
ich
iga
n b
iot
a w
ere
:
phytoplankton, 300; zooplankton, 133; and benthos, 330.
      
Sil
ver
con
cen
tra
tio
ns
wer
e a
lso
mea
sur
ed
in
var
iou
s s
pec
ies
of
fis
h i
n
Lake
Mich
igan
by C
opel
and,
et a
l.,
(197
3).
Only
musc
le f
ille
ts w
ere
anal
yzed
usin
g ne
utro
n ac
tiva
tion
with
resu
lts
base
d on
wet
weig
ht.
The
resi
dues
were
:
coho
salm
on,
0.03
4 mg
/kg;
yell
ow p
erch
, 0
.028
mg/k
g;
lake
trou
t,
a
0.0
36
mg/
kg;
bro
wn
trou
t,
0.0
44
mg/
kg;
and
Whi
tef
ish
, 0
.03
2 m
g/k
g.
Who
le
fish analyses were performed on spottail shiners, 0.036 mg/kg; rainbow
smelt. 0.039 mg/kg; and alewife, 0.034 mg/kg.
Kibiya and Oguri (1961) determined the distribution of radioactive
silver injected into goldfish. The silver was concentrated to a large
exte
nt i
n th
e li
ver
of t
hese
fish
with
smal
l am
ount
s di
stri
bute
d th
roug
hout
other tissues. Silver concentrations were determined by neutron activation
of whole fish and fish livers from Lakes Michigan, Superior and Erie. In
all samples, silver concentrations were equal to or less than 1 ng/kg
(Lucas, et al., 1970). These values appear unrealistically low compared to
those of the other authors.
The silver concentration in lake trout of known age from Lake Cayuga
was analyzed by spark source mass spectrometry. The concentration of
silver in these samples ranged from 0.48 to 0.68 ug/kg fresh weight (Tong,
et al., 1974). There was no relationship between silver concentration and
age of the lake trout and those values are about 10 times higher than seen
by Copeland et al., (1973). In an earlier study various fish from 11 New
York State waters were analyzed for silver byspark source mass spectro-
metry following dry ashing, Tong et al., (1972). Of 48 samples all but
three fell within the range of 0.01 to 0.06 ug/kg. The other samples were
0.11, 0.25 and 0.65 ug/kg.
It would appear from the foregoing analyses that there is a wide dis—
crepancy in the reported results for silver residues in freshwater fish.
This may be due to a variety of analytical procedures that were not well
established at the time of analysis.
CONCLUSION
It is obvious that many natural silver compounds are relatively insoluble
but concentrations below the solubility limit are toxic to fish. Because
of its extreme toxicity to fish during long term exposures, an objective
for total silver of 0.1 ug/R is recommended.
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d
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i
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 TABLE 4 ‘
MIREX IN LAKE ONTARIO FISHES. SEDIMENTS
AND HERRING BULL EGGS
DATA FROM ONE, 1976; OMAF 1976; NYDEC, 1976; FIB, 1974;
-.
THOMAS E; Ar., 1977; AND GILMAN §;_A£., 1977.
Q7
       
SAMPLE (NO. OF SPECIMENS) MIREX (HG/G)
MEAN RANGE
Sediments (229) - ND—0,40 ‘ w
Herring gull (39) 5.06 1.95—18.6 (E
eggs ‘T
American eel (17) 0.46 ND-l.39 a
Lake trout (47) 0.22 0.02-0.97 ,1
Chinook salmon (16) 0.21 0.08—0.36 91
Brown trout (50) 0.18 0.01—0 35 ;‘
Coho salmon (91) 0.17 ND—0.50 f;
Splake (1) 0.16 — F)
Smallmouth bass (76) 0.13 ND~0.39 “‘
Smelt (296) 0.13 0.01—0.35
White perch (41) 0.10 ND-0.64
Gizzard shad (16) 0.09 ND—0.21
Yellow perch (148) 0.08 ND—0.18, 1.20*
Brown bullhead (175) 0.07 ND-O.38, 0.76*
Rock bass (15) 0.07 ND—0.24
White bass (60) 0.07 ND—0.16 _
Alewife (86) 0.05 ND-0.23 $1;
Rainbow trout (77) 0.04 ND—0.3l 151
Northern pike (31) 0.03 ND—0.10 j“?
Carp (12) 0.02 ND—0.l4 ‘ 1
White sucker (117) 0.02 ND—0.10
Black Crappie (5) 0.01 0.01—0.02
Largemouth bass (7) 0.01 <0.01—0.02
Walleye (4) 0.01 ND—0.02
Pumpkinseed (51) <0.01 ND—0.03
Freshwater Drum (1) ND ND‘O-O3
* ND, None detected
* One analysis high, not considered for mean value
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MEAN RANGE
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(2
)
0.
08
0.
04
—0
.1
1
NY
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C,
19
76
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(1+
)
—
0.
04
-0
.0
9
NY
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C,
19
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(3
4)
—
0.
01
—0
.2
7
NY
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C,
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16:
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)
~
0.
02
—0
.1
0
NY
DE
C,
19
76
Ye
ll
ow
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rv
‘n
(1
2)
—
0-
0.
11
NY
DE
C,
19
76
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 Ludke et a1. (1971) studied the response of juvenile crayfish (Procambarus
blandingi and Procambarus hayi) to mirex. At an exposure of 5 ug/R mirex in
water for six hours, no dead crayfish were observed. However, the same animals,
subsequently placed in clean water, showed 26% mortality 10 days after the
exposure relative to the control. At an exposure concentration of 5 ug/R for
58 hours, 5% mortality was recorded at the termination of the exposure and 98%
mortality after an additional 10 days in clean water. Similarly, a concentration
of 1 ug/R mirex for 144 hours resulted in 0% mortality within that period and
in 95% mortality 10 days after treatment. Procambarus hayi, exposed to 0.5
and 0.1 ug/K mirex for 48 hours, resulted in initial mortalities of 12% and
19%, respectively, and in 71% and 65% mortalities within 4 days after the
exposure.' In other experiments by Ludke et a1., (1971), juvenile crayfish
were exposed to water leaching, mirex bait granules. At seven days exposure,
95% mortality was observed, corresponding to a mirex concentration of 0.86
ug/Q in the water. The dead crayfish were found to have mirex accumulated to a
mean of 1.5 ug/g. At a mirex concentration as low as 0.073 ug/R, 12.5% mortality
was observed after the first day of exposure. From this report, it appears
obvious that mirex is extremely toxic to those species of crayfish. Mortality
increases with the time exposure to the insecticide and, in most cases, signifi—
cantly delayed toxic action was observed several days after exposure.
A study by Tagatz (1976) on the effect of mirex on predator—prey interac—
tion resulted in significantly increased mortality of grass shrimp (Palaemonetes
vulgaris) through predation by pinfish (Lagodon rhomboides). Effects of mirex
exposures were observed at concentrations as low as 0.025 pg/R at times of 13
days. Mirex also proved to be a stomach poison more potent than DDT to juvenile
blue crabs (Callinectes sapidus) as shown by Leffler (1975). Dietary concentra-
tions of 1.5 and 3.0 ug/g when given to the blue crabs resulted in a strong
reduction of autotomisation of damaged limbs. Brown et a1., (1975) reported
the effect of mirex on estuarine microorganisms. No inhibition of bacterial
growth, was observed at exposure times up to 96 hrs and mirex concentrations
up to 10 ug/R with several pure bacterial cultures in saline medium. At 100
Ug/l mirex for four days, no significant effects were observed on the rates of
ammonification of protein and on nitrate reduction, although the latter process
was initially delayed.
In
ano
the
r s
tud
y b
y V
an
Val
in
et
a1.
(196
8),
blu
egi
lls
(Le
pom
is
mac
roc
hir
us)
and goldfish (Carassius auratus) were exposed to mirex by feeding with mirex
trea
ted
diet
or b
y tr
eati
ng h
oldi
ng p
onds
with
mire
x ba
it.
At a
n ex
posu
re
leve
l of
5 mg
/kg
day
body
weig
ht,
the
grow
th o
f bl
uegi
lls
was
redu
ced.
Gill
and
kidn
ey b
reak
down
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when
expo
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to m
irex
in w
ater
at l
Ug/R for 56 days.
Co
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in
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a1.
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l c
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con
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a
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ion,
sedi
ment
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07
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, c
rabs
0—0.
60 u
g/g,
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O—l.
3 ug
/g,
mamm
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0-4.
4 ug
/g,
and
bird
s 0—
17.0 ug/g mirex at a detection limit of 0.01 ug/g for sediments and biota.
Wolfe and Norment (1973) sampled an area for one year following an
application of mirex bait (1.7 g/ha mirex). Crayfish residues ranged from
0.04 to 0.16 ug/g. Fish residues were about 2 to 20 times greater than in
controls and averaged from 0.01 ug/g for bluegills to 0.53 ug/g for mosquitofish.
These values are, in general similar to those reported by Naqui and DeLaCruz
(1973) and by Borthwick et a1. (1973). Naqui and DeLaCruz (1973) observed
mirex residues of 0.15 pg/g in molluscs, 0.25 ug/g in fish, 0.29 ug/g in
insects, 0.44 ug/g in crustaceans and 0.63 ug/g in annelids.
An evaluation of mirex and other organochlorine pesticides by Metcalf et
a1. (1973) fOund mirex to be one of the most stable compounds studied in such
a model ecosystem.
EFFECTS ON BIRDS AND MAMMALS
Mirex fed to birds was observed to be slow—acting, causing delayed
mortality up to 15 days after dosage ceased (Stickel et a1., 1973). Reproduc—
tion among penned mallards and bobwhite was not affected when fed diets con—
taining 1 or 10 ug/g mirex (Heath and Spann, 1973), although carcass residues
of surviving birds were as high as 287 ug/g. In similar experiments by Medley
et a1. (1974), roosters were fed diets containing mirex at 0.007 ug/g, 0.06
ug/g, 0.710 ug/g and 7.2 ug/g for periods up to 32 weeks. The highest residue
levels observed were 994 ug/g in fat of roosters on a 7.2 ug/g diet. Studies
by Hyde et a1. (1973) on the reproductive success of mallard ducks fed mirex
at concentrations of 0, 1, and 100 Ug/g in the diet for 25 weeks did not show
72
 significant
differences
on egg
production,
shell
thickness,
shell
weight,
embryonation, and hatchability, but at 100 pg/g duckling survival was reduced
to a mean
of
72.6%
compared
to
95.7%
for
the
control
for a
14—day
post-hatch
period
on
uncontaminated
food,
based
on
ducklings
hatched.
At
the
100
ug/g
diet,
fat
of
adult
ducks
contained a mean
of
2,964
ug/g,
while
the eggs
contain
a
mean
of
277
ug/g
mirex.
Further
reports
by
Woodham
et
a1.
(1975),
indicated
the
accumulation
of
mirex
in
tissues
and
eggs of
hens
exposed
to
dietary mirex
levels
of
0.01
and
1.0
ug/g
for
periods
up
to
40
weeks.
The
highest
residues
observed
in
the
eggs
were
2.03
ug/g.
After
13
weeks
of
contaminant
free
diet,
;
the mirex
residues
in
the eggs
had
decreased
to
0.66 Ug/g.
 
F
Feeding
experiments
of
Japanese
quail,
given
a
single
oral
dose
(1.2
;
ug/g)
of
1“C
— mirex,
were
studied
by
Ivie
et
a1.
(1974).
Partial
excretion
E
of mirex
via
feces
was
initially
observed
for both
sexes,
but male
quails
'
excreted approximately twice the amount as female birds.
However, after the
initial
excretion,
no
further
residues
were
found
in the
feces
and male birds
had body
burdens
of
more
than
50%
of
the single
dose,
84
days after
dosing.
Egg laying quail hens had eliminated 85% of the single dose via the egg yolks
in 84
days.
The
recoveries
of
the
1L'C — mirex
from the whole
body
residues
were 97% or greater and the analysis of the extracts revealed unmetabolized
mirex only.
Innes et al.
(1969)
reported on bioassays for the tumorigenicity of 120
chemicals.
At a dietary level of 26 ug/g mirex, a significantly elevated
tumor incidence was observed after 18 months.
Similar effects were observed
for ten of the other 120 tested compounds.
CONCLUSIONS
In general, little information exists on the effects of mirex on fresh—
water organisms as most of the results mentioned above are on estuarine and
marine ecosystems and their respective biota. Several of such species, however,
are also common to Great Lakes' waters, but the information is still insuffi—
cient to allow the formulation of safe levels of mirex in water or biota.
There is a lack of studies on chronic exposure at low concentration. Mirex
has been shown to be extremely persistent under most environmental conditions,
is accumulating in food chains and is toxic to a wide variety of species. In
addition, there is evidence for its cumulative and strongly delayed toxic
effects in some species.
Recently the U.S. Food and Drug Administration and the New York State
Department of Environmental Conservation (U.S.FDA, 1974; Berle, 1976) have
I introduced an action guideline of 0.1 Hg/g mirex for edible portions of fish
9 ‘ for the protection of human consumers. Recognizing that this limit for edible
portion of fish may be inadequate for the protection of fish consuming birds
and mammals, it is recommended, that the objective for "Persistent Organic
Contaminants" (Great Lakes Water Quality, 1974, Appendix A, p. 32) be applied.
Therefore, it is recommended that the concentrations of mirex in water and
biota should not exceed the detection limits as determined by the best scienti—
fic methodology available at the time. The present detection levels, as
dete
rmin
ed b
y a
surv
ey o
f fo
ur l
abor
ator
ies
in t
he G
reat
Lake
s re
gion
, ar
e
.
0.00
5 mi
crog
rams
per
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ter
and
0.00
5 mi
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rams
per
gram
for
biol
og1c
a1
tissues.
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These
above
responses
can
hardly
be
considered
as
indicating
"safe"
concentration levels for all aquatic life and, consequently, the recommended
safety factor of 0.05 is applied to the lowest of the 96—hour LC50's
(Gammarus
fasciatus at 0.1 ug/K) and should afford reasonable protection.
The recommended
objective is, therefore, 0.005 ug/R.
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c
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.
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n
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.
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p
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PARATHION
RECOMMENDATION
Concentrations
of parathion
in an unfiltered water
sample shouZd
not
exceed
0.008 micrograms per
litre for
the protection
of
aquatic Zife.
RATIONALE
Parathion,
9,97diethyl—Q—p—nitrophenylphosphorothionate,
is a non—
systemic contact and stomach insecticide and acaricide used extensively in
the agricultural industry. It is slightly soluble in water at 24 mg/R
(Martin and Worthing, 1974) and hydrolyses in distilled water with a half—
1ife of/25—12O days (Peck, 1948; Cowart §£_al., 1971). Persistence of
parathion in a natural environment has been studied by Eichelberger and
Lichtenberg (1971) in which it was observed to have a half-life of one week
in river water. In other studies, half—lives of three and five weeks were
noted for “natural” waters of pH 8.4 and 7.0 respectively (Weiss and Gaks—
tatter, 1964) and of 30—40 hours (Leland, 1968) in rainbow trout.
The effects of parathion (and other organophosphate pesticides) are
reportedly via suppression of acetylocholinesterase (AChE) activity and this
persists long after the actual exposure. Subjection of bluegills to 100
ug/Q of parathion over 24 hours resulted in a 75% reduction of AChE activity
which did not return to normal for a further sixty days (Weiss, 1961). The
compound is metabolised to a number of products including its oxygenated
analogue, para—oxen, and its amino form (Graetz gt_a1., 1970). While some of
these may be more toxic than the parent material and may even be responsible
for parathion's AChE inhibition (Aldridge and Davison, 1952) they are gene—
rally more readily degraded as well.
Acute toxicity effects of parathion with fishes have beendetermined in
flow—through systems with 96-hour LC50 values of 500 Ug/Q for bluegills,
1,600 ug/2 for fathead minnows and 1,700 Ug/R for brook trout (Spacie, 1975).
In a similar test system, a 96—hour LC50 of 18 pg/R was noted for juvenile
freshwater and estuarine striped bass (Korn and Earnest, 1974). Sub—acute
effects (tremors) for brown bullheads are reported (Mount and Boyle, 1969) at
30 ug/% over a 30-day exposure. The lowest observed effect for fishes is
with bluegills in which deformities were recorded over a 23—month exposure at
0.34 ug/R (Spacie, 1975).
Fishes are not however, the most sensitive organisms towards parathion —
the insect target organisms, are much more susceptible. Acutely toxic levels
for several more sensitive aquatic insects are recorded in Table 6, along
with sub—acute levels for the same species.
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T
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I
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T
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C
E
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N
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C
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N
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R
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R
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0.
04
ug
/Q
ov
er
43
da
ys
an
d
th
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at
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at
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ra
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 CYANIDE
RECOMMENDATION
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e
fo
ll
ow
in
g
ne
w
ob
je
ct
iv
e
fo
r
cy
an
id
e
be
ad
op
te
d:
Co
nc
en
tr
at
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ra
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.
RATTONALE
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c
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in
g
pr
oc
es
se
s,
th
ey
ar
e
fo
un
d
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c
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m
 #
—
which
facilitates
electron
transfer
from
reduced
metabolites
to
molecular
oxygen.
T
h
e
f
e
r
r
i
c
i
r
o
n
-
p
o
r
p
h
y
r
i
n
m
o
l
e
c
u
l
e
r
e
s
p
o
n
s
i
b
l
e
for
the
c
a
t
a
l
y
t
i
c
a
c
t
i
o
n
of
c
y
t
o
c
h
r
o
m
e
o
x
i
d
a
s
e
is
the
r
e
a
c
t
i
v
e
site
w
h
e
r
e
c
y
a
n
i
d
e
c
o
m
b
i
n
e
s
w
i
t
h
f
e
r
r
i
c
[Fe
(111)]
i
r
o
n
a
t
o
m
s
to
f
o
r
m
a
r
e
v
e
r
s
i
b
l
e
complex.
O
t
h
e
r
e
n
z
y
m
e
s
c
o
n
t
a
i
n
i
n
g
a
metal
p
o
r
p
h
yr
i
n
molecule,
e.g.,
peroxidases
and
xanthine
oxidases,
are
also
strongly
inhibited
by
cyanide.
Only
undissociated
HCN
inhibits
the
consumption
of
oxygen
in
the
tissues,
causing
cellular
asphyxia
(historic
anoxia)
by
attaching
itself
to
the
iron
of
the
prosthetic
group
of
the
enzyme
cytochrome
oxidase.
Hydrocyanic
acid
can
be
rapidly
absorbed
and
carried
in
the
plasma
but
does
not
combine
with
hemoglobin
because
its
iron
atom
is
divalent
(ferrous).
Instead,
cyanide
combines
with
methemoglobin,
a
mildly
oxidized
form
of
hemoglobin
in
which
the
iron
atom
is
trivalent
(ferric).
Methemoglobin,
which
cannot
carry
oxygen,
normally
represents
only
a
small
fraction
of
the
total
hemoglobin.
Since
it
forms
an
irreversible
and
innocuous
complex
with
cyanide,
it
is
an
active
cyanide
detoxifying
agent.
Amyl
nitrite
and
other
agents
can
be
used
to
increase
the
level
of
methemoglobin
to
counteract
cyanide
toxicity.
A
few
of
the
ways
in
which
cyanide
can
be
metabolized
within
a
pattern
of
normal
physiology
are
by
the
production
of
thiocyanate,
with
amino
acids,
oxidation
to
carbon
dioxide
and
formate,
etc.
The
conversion
of
only
free
cyanide
and
not
organically
bound
cyano
groups
to
thiocyanate
(SCN—)
by
action
of
the
enzyme
rhodanase
is
considered
to
be
the
primary
method
of
detoxification
of
cyanide.
Rhodanase
is
absent
from
blood
and
skeletal
muscle,
but
is
abundant
in
the
liver.
Thiocyanate
is
eliminated
irregularly
and
slowly
in
the
urine.
The
action
of
cyanide
on
the
respiration
of
the
cell
and
the
primary
methods
of
detoxification
of
cyanide
have
been
noted
above.
However,
it
should
be
pointed
out
that
cyanide
does
not
completely
abolish cellular
respiration.
It
is possible that a small amount of residual respiratory activity is made possibly
by cytochrome—b activity, since this substance does not require the cyanide—
susceptible cytochrome oxidases.
An alternative explanation of residual respira—
tory activity of the cyanide—poisoned system is found in the action of the flavin
aerobic dehydrogenases,
which can tranfer hydrogen to molecular oxygen without
the cytochrome system.
The persistence of cyanide in water is highly variable. This variability
is dependent upon the chemical form of cyanide in the water, the concentration
of cyanide, and the nature of other constituents. Cyanide may be destroyed by
strong oxidizing agents such as permanganates and chlorine. Chlorine is commonly
used to oxidize strong cyanide solutions to produce carbon dioxide and ammonia;
if the reaction is not carried through to completion, cyanogen chlorine may
remain as a residual and this material is also toxic.
If the pH of the receiving
waterway is acid and the stream is well aerated, gaseous hydrogen cyanide may
evolve from the waterway to the atmosphere. At low concentrations or toxicity
and with acclimated microflora, cyanide may be decomposed by microorganisms in
both anearobic and aerobic environments or waste treatment systems.
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Some information on chronic or sublethal effects of cyanide is also
available.
Leduc (1966) found increased intestinal secretions in the fish,
Cichlasoma bimaculatum, at concentrations as low as 20 ug/Q and reduced
swimming capability at concentrations of 40 ug/R. Costa (1965) reported that
three common species of fish detected and avoided cyanide concentrations of 26
ug/l in approximately one hour or less.
Exposure to a cyanide concentration
as low as 10 ug/R reduced the swimming ability or endurance of brook trout,
Salvelinus fontinalis (Neil, 1957). Growth, or food conversion efficiency of
coho salmon, Oncorhynchus kisutch, was reduced at hydrogen cyanide concentrations
of 20 ug/Q.
Small freshwater fish of the family Cichlidae exposed to a cyanide
concentration of 15 Ug/Q lost weight more rapidly than the control fish in
water free from cyanide (Leduc, 1966).
 
Survival and growth tests of 56 days duration on young of the yellow
perch (Perca falvescens) and newly hatched bluegill fry (Lepomis machrochirus)
performed at the University of Minnesota indicate that with the bluegill fry
significant mortality occurred after about one month at all levels above 26
ug/R HCN. With the yellow perch, a marked effect on growth and survival was
observed at about 45 ug/Q, and at 64 ug/R survival was approximately 50 percent
(Broderius, 1975). Chronic tests were also performed by Broderius in 1975
from egg through reproduction and into the second generation of fathead minnows
(Pimephales promelas) and through reproduction and hatching with brook trout
(Salvelinus fontinalis). For the fathead minnow it was observed that HCN
levels above 40 ug/Q decreased growth rate through 84 days. A significant
reduction in fecundity was noted at HCN levels greater than 18 ug/l. Mean
percentage hatch was significantly decreased at levels of 40 ug/2 HCN and
higher. When the combined effect of egg production and fertility (percentage
of egg hatch) were calculated at about 50, 120, 180, 250, and 330 Ug/R HCN,
effective reproduction was approximately 65, 59, 35, 24, and 21 percent of the
controls respectively. From the brook trout chronic data, it can be calculated
that at about 50, 100 and 300 ug/l HCN effective reproduction was about 80, 50
and 30% of the controls respectively.
 
Based upon chronic effects on fish growth and reproduction, an objective
of 5 Ug/R free cyanide as HCN is recommended.
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 AMMONIA
RECOMMEWDATION
It is recommended that the following new objective for ammonia be
adopted:
Concentrations of un-ionized ammonia (NHS) should not exceed
0.020 miZZigrams oer Zitre for the protection of aquatic Zife.
Concentrations of total ammonia snouZd not exceed 0.50 miZZigrams
per litre for the protection of'pubiic water supplies.
RATIOHALE
Ammonia enters natural water systems from several sources, either
directly as ammonia or indirectly by formation from other nitrogenous
matter. Direct sources are precipitation of ammonia with rain and snow, gas
exchange with the atmosphere, and the influx of ammonia containing effluents
from urban, industrial, and agricultural sources. Indirect sources are the
chemical and biochemical transformation of nitrogenous organic and inorganic
matter in soil and water, nitrogen fixation processes of dissolved nitrogen
gas in water and excretion of ammonia by biota.
Ammonia is consumed by chemical and biochemical processes, some of
them resulting in its oxidation to nitrite and nitrate ions, other reactions
resulting in its incorporation into organic matter, particularly withthe
formation of proteins.
Aqueous Ammonia Equilibrium System
At high concentrations, ammonia becomes a significant toxicant to the
aquatic biota. The toxicity of ammonia to fish is primarily due to un—
ionized ammonia (NH3) (Chipman, 1973; Wuhrmann at al., 1947; Wuhrmann and
Woker. 1948; Hemens, 1966). Ionized ammonia (NHt+) is considered non—toxic
or significantly less toxic than un—ionized ammonia (NH3) (Tabata, 1962).
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TABLE 7
(VALUES AT ZERO SALINITY)
(AFTER THURSTON 5.; AL_., 1974)
PER
CEN
T
UN—
ION
IZE
D
AMM
ONI
A
IN
AQU
EOU
S
AMM
ONI
A
SOL
UTI
ON
  
 
Conditions under which the objective
for total ammonia is limiting.
  
Conditions under which the
objective for un—ionized ammonia
is limiting.
TEMPERATURE pH VALUE
(°C
)
.0
6.5
7.0
.5
8.0
8.5
9.0
9.5
10.
0
5
.01
3
0.0
40
0.1
3
.39
1.2
3.8
11.
28.
56.
10
.01
9
0.0
59
0.1
9
.59
1.8
5.6
16.
37.
65.
15
.027
0.08
7
0.27
.86
2.7
8.0
22.
46.
73.
20
.040
0.1
3
0.40
.2
3.8
11.
28.
56.
80.
25
.057
0.18
0.57
.8
5.4
15.
36.
64.
85.
30
.081
0.2
5
0.80
.5
7.5
20.
45.
72.
89.
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 T
-
i
will
usually
be
less
than
the
effect
of
lowering
the
temperature
by
1°C
under
otherwise
constant
conditions.
For
practical
purposes
and
for
the
definition
of
this
objective,
the
influence
of
the
salinity
will
hence
be
neglected.
Toxicity to Fish
At
concentrations
above
0.5
mg/R,
un—ionized
ammonia
(NH3)
is
strongly
toxic
to
many
fishes.
Comprehensive
reviews
on
the
toxicity
of
ammonia
to
aquatic
biota
are
published
by
EIFAC
(1973),
NAS/NAE
(1974),
and
by
McKee
and
Wolf
(1963).
A
compilation
of
major
studies
on
fish
is
given
in
Table
8.
Most
of
these
data
on
rainbow
trout,
Atlantic
salmon,
striped
bass,
three—spined
stickleback,
carp
and
other
species
are
in
the
form
of
one
to
four
day
L050
concentrations
and
under
pH,
temperature
and
dissolved
oxygen
conditions
as
they
prevail
in
the Great
Lakes.
Two
to
four-day
LCSO
con-
centrations
for
rainbow
trout
range from
0.25
to 0.75 mg/Q NH3 with
coarser
fishes being slightly less sensitive.
 
;
The
equilibrium of
un—ionized
and
ionized
ammonia,
and
thus
the
toxicity
‘
of ammonia,
is strongly dependent on the pH and temperature,
and, to a
lesser degree,
on the salinity of the water.
The toxicity of un—ionized
ammonia is to a minor degree further dependent on the alkalinity and free
carbon dioxide of water, and, to an unknown degree, on other synergistic
and antagonistic factors, such as dissolved oxygen levels, biota accli—
mation, etc.
There are few published data available on chronic sub—lethal effect of
ammonia to fish of any species. A three-month test on 200 rainbow trout
(Water Pollution Research 1967; 1968) showed a 15% mortality at 0.27 mg/R
NH3 and a 5% mortality at un—ionized ammonia concentrations of 0.13 and
0.07 mg/£ NH3, respectively.
Although no mortality data have been reported at concentrations less
than 0.2 mg/Q NH3, deleterious effects of ammonia at comparable concentrations
and lower have been observed by a number of researchers. Reichenback—
Klinke (1967), in a series of one—week tests on 240 fish of 9 species at
concentrations of 0.1 to 0.4 mg/Q NHg observed as well as inflammations and
hyperplasia swelling of and diminishing of the number of blood cells.
Irreversible blood damage occurred in trout fry at 0.27 mg/Q NH3. He also
. noted that these low NH3 doses inhibited the growth of young trout and
‘ lessened their resistance to diseases. Flis (1968) reported that a 35-day
[
l
 
exposure of carp to a concentration of approximately 0.1 mg/l NH3 resulted
in extensive necrobiotic and necrotic changes and tissue disintegration in
various organs.
Reduction in growth rates for rudd has also been observed after 95
days at concentrations greater than 0.1 mg/l NHg (Water Pollution Research
1971; 1972) and for rainbow trout at 0.02 mg/Q NH3 after 5 months (Smith
and Piper, 1974). Smith and Piper (1974) also reported severe pathological
changes in gills and livers of rainbow trout after 12 months exposure at
0-02 mg/l NH3. On a test of rainbow trout for the 21-day period between
egg hatching and swim—up stage, a reduction in development (length and sac
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d
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Length
Temper
ature
Concen
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n
Oxygen
(Z of
Total
Time
Refere
nce
Speci
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(cm.)
(°C)
(mg/l
NH3)
(Z Sa
turat
ion)
Fish)
(days
)
Rainbow trout
(sal
mo
gair
dner
ii R
ICHA
RDSO
N)
15.2
7 8 8
22
10.5—1
1.6
0.50
290
50
2
BALL (
1967)
3-5
8 1 -8.3
12-13
0.25
50
>4
Water Po
ll. Res.
(1968)
3-5
8.1 -8 3
2-4
0.423
50
3
"
"
7 8
5
<0.25
50
4
"
"
7 s
18
~0.75
50
4
"
"
0.27
16
90
"
"
0.07
5
90
"
"
0.13
5
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"
"
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1d
HERBER
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)
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1e
"
"
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(24.6)
C
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50
2f
HERBER
T & SH
URBEN
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C
47
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2f
"
"
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C
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50
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"
"
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0 o1—0
.25
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"
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N90
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0 01—0
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"
"
l3.6(?
)
(15)b
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e
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. 5-8.
12
9.4—11
.1
292
50
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1967)
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30
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3.2
290
50
"
"
12.2-
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50
9.4—14
.6
292
50
2 to 6
"
"
15
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so
4
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TH (1
97m
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"
"
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"
"
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5
5
.
5
9
2
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D
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H
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)
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250
50
4
"
"
16
10
FLIS
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8a)
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n
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0
0
N
N
M
M
.
I
.
r
\
f
\
r
\
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\
\
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r
\
l
\
l
\
l
\
l
\
1
\
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l
\
l
\
l
\
\
o
r
\
w
w
w
N
e
r
q
u
q
u
-
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o
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I
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H
O
O
O
O
O
O
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O
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—
I
O
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—
I
O
O
I
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m
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—
I
m
8 and
0
35
FLIS
(1968
b)
a) Wat
er hardn
ess 320
mg/l CaC
03
b) V
alues
taken
from E
IFAC (
1970),
origin
al val
ues (i
n brac
kets)
as tot
al mg/
1 N fr
om NHL
CI.
c)
Value
s cal
culat
ed fr
om Ta
ble
, ori
ginal
value
s (in
brack
ets)
as to
tal m
g/l N
from
NHACl
.
d) Wat
er hardn
ess 125
mg/2 CaC
03
e)
Wate
r ha
rdne
ss 2
48 m
g/2
CaC0
3
f)
Water
hardn
ess
320 m
g/£ C
aCOg,
water
alkal
inity
240 m
g/l C
aCOa
g) S
oft wa
ter
 
—absorption)
was
observed
at
concentrations
of
0.07
mg/R
NH3
and
higher
(Thurston,
1974).
Concentrations
as
low
as
0.002
mg/%
NH3
have
been
reported
to
cause
gill
hyperplasia
in
fingerling
Chinook
salmon
in
6
weeks
(Burrows,
1964).
Rainbow
trout
have
successfully
spawned
in
the
laboratory
at
0.06
mg/l
NH3
and
have
produced
significant
numbers
of
viable
fry
(Thurston,
1974).
It
is
common
practice,
for
the
establishment
of
water
quality
objectives,
to
multiply
96-hour
L050
data
by
an
application
factor
to
arrive
at
recom—
mendations
for
those
objectives.
According
to
Water
Quality
Criteria
1972
(NAS/NAE,
1972)
application
factors
range,
depending
on
the
compound
in
question
from0.1
(e.g.
copper)
to
0.005
(e.g.
zinc).
For
ammonia,
an
application
factor
of
0.05
is
recommended.
With
an
average
96—hour
LCso
value
of
about
0.50
mg/R
NH3
X
0.05,
a
safe
concentration
of
0.025
mg/R
NH3
is
calculated.
This
value
appears
to
be
a
safe
concentration
of
un—ionized
ammonia
for
the
survival
of
rainbow
trout
fry
and
fingerlings.
However,
judging
from
the
comparison
of
trout
and
salmon
sensitivities
by
Herbert
and
Shurben
(1965),
salmon
appear
to
be
almost
twice
as
sensitive
to
ammonia
as
trout.
Therefore,
with
an
application
factor
of
0.05
a
limit
of
about
0.015
mg/Q
NH3
could
be
calculated.
Both
values
of
0.025
and
0.015
mg/R
NH3
are
in
close
proximity
to
the
experimentally
observed
threshold
for
sub—lethal
effect
of
ammonia
on
rainbow
trout,
reported
as
0.02
mg/%
NH3
by
Water
Pollution
Research
(1971;
1972)
and
Smith
and
Piper
(1974).
Extreme
deviations
of
the "mean"
of
0.02
;
mg/R NH3 may be represented by the value of 0.06 mg/R NH3 for the successful
1
spawning and apparently normal fry development of rainbow trout (Thurston,
;
1974) and by the observations of sub—lethal effect at un—ionized ammonia
concentrations of 0.002 mg/R NH3 to fingerling Chinook salmon by Burrows
(1964).
Until it can be shown that exposure of biota to un-ionized ammonia
concentrations of less than 0.02 mg/Q NH3 is indeed resulting in long term
sub—lethal
effect, and in View of the acute toxic levels of 0.2 mg/R NH3
or higher, it is recommended that un—ionized ammonia should not exceed 0.02
NHg.
  
Ammonia
in
Raw
Water
Supplies
In water treatment, (total) ammonia interferes with the water chlori—
nation.
If ammonia is present, chlorine will react with it first, producing
Chloramines.
On continued chlorination, oxidation of intermediate chloramines
t0 HCl and N2 will occur. Chloramines also have bactericidal properties
but are slower acting than free chlorine. In the past, chloramines, inten—
tionally produced by adding ammonia to raw water, were used to prevent the
reaction of chlorine with phenols. To destroy ammoniaoccurring in raw
water, about 10 parts of chlorine to 1 part of ammonia nitrogen is required
.(Matheson, 1973). Because of these unwanted effects, the level of total
ammonia for raw water supplies is desired to be less than 0.01 mg/l NH3
(total).
However, for practical purposes WHO (1963), NAS/NAE (1974), and
Ministry of the Environment (1974), recommend 0.5 mg/Z NH3 (total) as the
Upper limit for raw water supplies. At concentrations above this value,
1 Problems associated with disinfection, and taste and odor are experienced.
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su
lf
id
e
wa
st
es
fr
om
th
e
ta
nn
in
g,
pu
lp
an
d
pa
pe
r,
te
xt
il
e,
ch
em
ic
al
,
an
d
ga
s
ma
nu
fa
ct
ur
in
g
in
du
st
ri
es
.
Wh
en
su
lf
id
es
ar
e
di
sc
ha
rg
ed
to
wa
te
r,
th
ey
re
ac
t
wi
th
th
e
av
ai
la
bl
e
hy
dr
on
iu
m
io
ns
to
fo
rm
HS
or
H2
8
de
pe
nd
in
g
on
th
e
pH
an
d
te
mp
er
at
ur
e.
At
pH
9
ab
ou
t
99
pe
rc
en
t
of
th
e
su
lf
id
e
is
in
th
e
fo
rm
of
H8
—,
an
d
at
pH
6.
5
ab
ou
t
25
pe
rc
en
t
is
in
th
e
fo
rm
of
HS
—
wi
th
th
e
re
ma
in
de
r
co
ns
is
ti
ng
of
th
e
to
xi
c
un
di
ss
oc
ia
te
d
H2
8
fo
rm
.
Fi
gu
re
1
ca
n
be
us
ed
to
de
te
rm
in
e
th
e
am
ou
nt
of
un
di
ss
oc
ia
te
d
H2
8
fr
om
an
al
ys
is
of
th
e
to
ta
l
su
lf
id
e.
Ra
pi
d
co
mb
in
at
io
n
of
H2
8
wi
th
ot
he
r
ma
te
ri
al
s
pr
es
en
t
in
th
e
wa
te
r,
su
ch
as
ox
yg
en
an
d
ir
on
,
ha
s
un
ti
l
re
ce
nt
ly
ca
us
ed
th
e
ma
te
ri
al
to
be
ov
er
lo
ok
ed
as
a
si
gn
if
ic
an
t
pr
ob
le
m.
To
xi
ci
ty
to
aq
ua
ti
c
li
fe
ca
us
ed
by
th
e
pr
es
en
ce
of
hy
dr
og
en
su
lf
id
e
is
de
pe
nd
en
t
on
th
e
te
mp
er
at
ur
e,
pH
an
d
di
ss
ol
ve
d
ox
yg
en
pr
es
en
t.
At
a
lo
we
r
pH
th
e
am
ou
nt
'o
f
th
e
to
xi
c
fo
rm
(H
28
)
wi
ll
be
gr
ea
te
r.
Wh
en
te
mp
er
at
ur
es
ar
e
lo
w,
fi
sh
li
fe
ex
hi
bi
t
a
gr
ea
te
r
to
le
ra
nc
e
to
H2
8.
Th
e
pr
es
en
ce
of
hi
gh
di
ss
ol
ve
d
ox
yg
en
le
ve
ls
pr
om
ot
es
ra
pi
d
co
nv
er
si
on
of
th
e
H2
8
to
su
lf
at
es
,
an
d
th
er
ef
or
e,
ma
in
ta
in
in
g
hi
gh
D.
O.
le
ve
ls
re
du
ce
s
th
e
li
ke
li
ho
od
of
H2
8
to
xi
ci
ty
pr
ob
le
ms
.
Fi
sh
al
so
ex
hi
bi
t
a
st
ro
ng
av
oi
da
nc
e
re
ac
ti
on
to
su
lf
id
e,
an
d
it
is
hy
po
th
es
iz
ed
th
at
su
ch
a
re
ac
ti
on
wo
ul
d
oc
cu
r
be
fo
re
th
ey
we
re
ha
rm
ed
(J
on
es
,
1964).
Mo
st
re
ce
nt
in
ve
st
ig
at
io
ns
in
to
H2
8
to
xi
ci
ty
ha
ve
be
en
as
it
re
la
te
s
to
th
e
pr
es
en
ce
ne
ar
th
e
se
di
me
nt
—w
at
er
in
te
rf
ac
e
es
pe
ci
al
ly
ne
ar
or
ga
ni
c
sl
ud
ge
de
po
si
ts
.
In
th
is
zo
ne
,
wi
th
in
a
fe
w
ce
nt
im
et
er
s
of
th
e
bo
tt
om
,
si
gn
if
ic
an
t
co
nc
en
tr
at
io
ns
of
H2
8
ca
n
oc
cu
r
if
th
e
be
nt
ha
l
ma
te
ri
al
is
un
de
rg
oi
ng
an
ae
ro
bi
c
de
co
mp
os
it
io
n.
It
sh
ou
ld
be
no
te
d
th
at
ce
rt
ai
n
ty
pe
s
of
sl
ud
ge
de
po
si
ts
,
no
ta
bl
y
th
os
e
fr
om
pu
lp
an
d
pa
pe
r
mi
ll
s,
ar
e
mo
re
li
ke
ly
to
ca
us
e
H2
8
fo
rm
at
io
n
than others.
Co
lb
y
an
d
Sm
it
h
(19
67)
re
po
rt
th
at
wa
ll
ey
e
eg
gs
he
ld
in
tr
ay
s
in
zo
ne
s
wh
er
e
H2
8
le
ve
ls
we
re
co
mm
on
ly
0.
1
to
0.
02
mg
/Q
di
d
no
t
ha
tc
h.
Th
e
sa
me
st
ud
y
re
po
rt
s
a
96
—h
ou
r
LC
50
of
0.
05
mg
/l
fo
r
wa
ll
ey
e
fr
y
in
a
la
bo
ra
to
ry
bi
oa
ss
ay
.
Ad
el
ma
n
an
d
Sm
it
h
(1
97
0)
re
po
rt
th
at
Th
e
ma
xi
mu
m
po
ss
ib
le
sa
fe
le
ve
l
of
H2
8
fo
r
(n
or
th
er
n
pi
ke
)
eg
gs
is
be
tw
ee
n
0.
01
4
an
d
0.
01
8
mg
/Q
an
d
fo
r
sa
c
fr
y
be
tw
ee
n
0.
00
4
an
d
0.
00
6
mg
/ﬂ
fo
r
96
—h
ou
r
ex
po
su
re
."
Sm
it
h
an
d
Os
ei
d
(1
97
3)
96
 VV!—4_&
  
100
90 K
80 \
7o \\
so \\.
50
m \\
o /V
Ionic Sfreanh I 0-005 '0 C \\§3OO C
Based on Formulae
Presented in Clcrke (I974)
3 »
unfilog| (‘PH) 6 HS—
0/0211J0[ 1 °
Clm‘hoglO (—pH) )3 HS-+K,
Where:
(Dissocmfion Ccnsfom)
K‘ :(o-4+o~o2T) IO'7 '
      
P
e
r
c
e
n
t
a
g
e
o
f
H
y
d
r
o
g
e
n
S
u
l
p
h
i
d
e
U
n
d
i
s
s
o
c
i
o
t
e
d
5
 
x ‘(Actlviry Coefficient)
HS = o 927
I l 1 1
5'0
6 0
7'0
8'0
90
IO
pH
   
PERCENTAGE OF HYDROGEN SULPHIDE UNDISSOCIATED
AS A FUNCT!ON OF pH
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 r
e
p
o
r
t
t
h
e
9
6
—
h
o
u
r
L
C
5
0
f
o
r
j
u
v
e
n
i
l
e
b
r
o
o
k
t
r
o
u
t
,
g
o
l
d
f
i
s
h
a
n
d
w
a
l
l
e
y
e
a
s
0
.
0
1
7
,
0
.
0
9
0
a
n
d
0
.
0
2
0
m
g
/
Z
r
e
s
p
e
c
t
i
v
e
l
y
.
T
h
e
y
a
l
s
o
i
n
d
i
c
a
t
e
d
t
h
a
t
t
h
e
n
o
—
e
f
f
e
c
t
l
e
v
e
l
f
o
r
t
h
e
g
r
o
w
t
h
o
f
j
u
v
e
n
i
l
e
s
i
s
a
l
s
o
r
e
p
o
r
t
e
d
a
s
0
.
0
0
2
m
g
/
Q
f
o
r
b
l
u
e
g
i
l
l
s
,
0
.
0
0
4
m
g
/
%
f
o
r
w
a
l
l
e
y
e
a
n
d
0
.
0
0
3
m
g
/
Q
f
o
r
t
h
e
f
a
t
h
e
a
d
m
i
n
n
o
w
.
O
n
t
h
e
b
a
s
i
s
o
f
c
h
r
o
n
i
c
t
e
s
t
s
e
v
a
l
u
a
t
i
n
g
g
r
o
w
t
h
a
n
d
s
u
r
v
i
v
a
l
,
t
h
e
s
a
f
e
l
e
v
e
l
f
o
r
b
l
u
e
g
i
l
l
j
u
v
e
n
i
l
e
s
a
n
d
a
d
u
l
t
s
w
a
s
0
.
0
0
2
m
g
/
%
a
n
d
f
o
r
f
a
t
h
e
a
d
m
i
n
n
o
w
s
w
a
s
b
e
t
w
e
e
n
0
.
0
0
2
a
n
d
0
.
0
0
3
m
g
/
Q
(
N
A
S
/
N
A
E
,
1
9
7
4
)
.
S
a
f
e
l
e
v
e
l
s
f
o
r
v
a
r
i
o
u
s
a
r
t
h
r
o
p
o
d
s
w
e
r
e
b
e
t
w
e
e
n
0
.
0
0
2
a
n
d
0
.
0
0
3
m
g
/
l
(
S
m
i
t
h
,
1
9
7
1
)
.
O
s
e
i
d
a
n
d
S
m
i
t
h
(
1
9
7
2
)
i
n
d
i
c
a
t
e
t
h
a
t
d
e
p
e
n
d
i
n
g
o
n
o
t
h
e
r
e
n
v
i
r
o
n
m
e
n
t
a
l
f
a
c
t
o
r
s
H
2
8
l
e
v
e
l
s
o
f
0
.
0
0
1
5
m
g
/
l
c
a
n
r
e
d
u
c
e
t
h
e
p
h
y
s
i
c
a
l
c
a
p
a
b
i
l
i
t
y
o
f
f
i
s
h
.
O
s
e
i
d
a
n
d
S
m
i
t
h
(
1
9
7
4
)
r
e
p
o
r
t
t
h
a
t
t
h
e
m
a
x
i
m
u
m
s
a
f
e
H
2
8
c
o
n
c
e
n
t
r
a
t
i
o
n
f
o
r
G
a
m
m
a
r
u
s
is
0
.
0
0
2
m
g
/
%
in
h
a
r
d
wa
t
e
r
.
Th
e
m
e
a
n
9
6
—
h
o
u
r
L
C
5
0
fo
r
t
h
e
s
a
m
e
t
e
s
t
w
a
s
0
.
0
0
2
m
g
/
l
i
n
d
i
c
a
t
i
n
g
a
n
a
p
p
r
o
x
i
m
a
t
e
a
p
p
l
i
c
a
t
i
o
n
f
a
c
t
o
r
of
10
.
Cl
ar
ke
(1
97
4)
st
at
es
th
at
"A
m
o
l
e
c
ul
a
r
(u
nd
is
so
ci
at
ed
)
H2
8
c
o
n
c
e
n
t
r
a
t
i
o
n
of
0.
01
m
g
/
%
wo
ul
d
ap
pe
ar
to
be
an
a
p
p
r
o
xi
m
a
t
e
sa
fe
le
ve
l
fo
r
s
e
n
s
i
t
i
ve
fi
sh
de
ve
lo
pm
en
t
st
ag
es
in
wa
t
e
r
wi
t
h
a
di
ss
ol
ve
d
ox
yg
en
c
o
n
c
e
n
t
r
a
t
i
o
n
of
ab
ou
t
10
—
12
mg
/1
,
an
d
fo
r
pe
ri
od
s
of
ex
po
su
re
of
10
0-
20
0
ho
ur
s.
”
Th
is
p
r
o
p
o
s
e
d
le
ve
l
is
ba
se
d
on
a
sl
ig
ht
ly
di
ff
er
en
t
me
th
od
of
ca
lc
ul
at
in
g
th
e
un
di
ss
oc
ia
te
d
H2
8
fr
om
th
e
to
ta
l
an
d
is
ab
ou
t
1.
5
to
2
ti
me
s
gr
ea
te
r
th
an
th
at
re
po
rt
ed
in
ot
he
r
works.
It
sh
ou
ld
be
no
te
d
th
at
H2
8
wi
ll
oc
cu
r
in
la
ke
s
wh
er
e
na
tu
ra
l
or
ga
ni
c
bo
tt
om
ma
te
ri
al
is
de
co
mp
os
in
g.
Un
de
r
su
mm
er
co
nd
it
io
ns
th
e
el
ev
at
ed
le
ve
ls
wi
ll
be
li
mi
te
d
to
th
e
hy
po
li
mn
io
n,
wh
il
e
in
wi
nt
er
un
sa
fe
le
ve
ls
co
ul
d
sp
re
ad
th
ro
ug
ho
ut
th
e
pr
of
il
e.
It
is
un
li
ke
ly
th
at
th
is
wi
ll
oc
cu
r
in
ot
he
r
th
an
sm
al
l
la
ke
s
wi
th
li
tt
le
ci
rc
ul
at
io
n.
Th
e
pr
im
ar
y
ar
ea
wh
er
e
H2
8
ma
y
cr
ea
te
pr
ob
le
ms
in
th
e
Gr
ea
t
La
ke
s
is
in
re
la
ti
ve
ly
un
mi
xe
d
ba
ys
wh
ic
h
re
ce
iv
ed
in
du
st
ri
al
wa
st
es
su
ch
as
th
os
e
fr
om
pu
lp
an
d
pa
pe
r
mi
ll
s.
Ca
re
mu
st
be
ex
er
ci
se
d
in
in
te
rp
re
ti
ng
H2
8
da
ta
co
ll
ec
te
d
in
th
e
fi
el
d,
be
ca
us
e
of
fi
sh
po
pu
la
ti
on
co
ul
d
be
th
ri
vi
ng
in
th
e
wa
te
r
ov
er
ly
in
g
an
ar
ea
wh
er
e
th
e
H2
8
le
ve
l
at
th
e
mu
d—
wa
te
r
in
te
rf
ac
e
is
hi
gh
.
Wh
er
e
th
es
e
H2
8
le
ve
ls
ar
e
hi
gh
ne
ar
th
e
de
co
mp
os
in
g
be
nt
ha
l
de
po
si
t,
it
is
li
ke
ly
th
at
di
ss
ol
ve
d
ox
yg
en
co
nd
it
io
ns
wo
ul
d
al
so
be
lo
w,
th
er
eb
y
ag
gr
av
at
in
g
th
e
pr
ob
le
m.
Al
th
ou
gh
zo
ne
s
of
el
ev
at
ed
H2
8
ca
n
oc
cu
r,
a
tr
an
si
en
t
fi
sh
po
pu
la
ti
on
co
ul
d
be
pr
es
en
t,
bu
t
th
e
su
rv
iv
al
of
eg
gs
in
th
e
ar
ea
is
un
li
ke
ly
.
Th
e
cr
it
er
io
n
pr
op
os
ed
fo
r
H2
8
wi
ll
,
as
a
se
co
nd
ar
y
be
ne
fi
t,
pr
ot
ec
t
ag
ai
ns
t
th
e
di
sc
ha
rg
e
of
de
co
mp
os
ab
le
an
d
se
tt
le
ab
le
ma
te
ri
al
s.
Th
er
e
is
no
cr
it
er
io
n
es
ta
bl
is
he
d
fo
r
H2
8
fo
r
ei
th
er
pu
bl
ic
or
ag
ri
cu
lt
ur
al
wa
te
r
su
pp
li
es
,
be
ca
us
e
th
e
un
pl
ea
sa
nt
ta
st
e
an
d
od
or
wo
ul
d
pr
ec
lu
de
us
e
of
th
at
wa
te
r
at
ha
za
rd
ou
s
co
nc
en
tr
at
io
ns
.
Th
e
al
lo
wa
bl
e
le
ve
ls
of
hy
dr
og
en
su
l—
fi
de
in
wa
te
r
fo
r
in
du
st
ri
al
us
e
ar
e
gr
ea
te
r
th
an
th
os
e
ne
ce
ss
ar
y
to
su
st
ai
n
aquatic life.
Ba
se
d
up
on
th
e
pr
ot
ec
ti
on
of
a
ba
la
nc
ed
po
pu
la
ti
on
of
co
mp
le
te
aq
ua
ti
c
li
fe
cy
cl
es
,
it
is
re
co
mm
en
de
d
th
at
th
e
ma
xi
mu
m
un
di
ss
oc
ia
te
d
H2
8
co
nc
en
tr
at
io
n
be 0.002 mg/R.
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CHLORINE
RECOMMENDATION
It
is
re
co
mm
en
de
d
th
at
th
e
fo
ll
ow
in
g
ne
w
ob
je
ct
iv
e
fo
r
ch
lo
ri
ne
be
adopted:
To
ta
l
re
si
du
al
ch
lo
ri
ne
,
as
me
as
ur
ed
by
th
e
am
pe
ro
me
tr
ic
(o
r
eq
ui
va
le
nt
)
me
th
od
,
sh
ou
ld
no
t
ex
ce
ed
0.
00
2
mi
ll
ig
ra
ms
pe
r
li
tr
e
in
or
de
r
to
pr
ot
ec
t
aquatic life.
RATIONALE
Th
e
ex
te
ns
iv
e
st
ud
y
of
ch
lo
ri
ne
as
a
di
si
nf
ec
ta
nt
ha
s
re
su
lt
ed
in
a
th
or
ou
gh
un
de
rs
ta
nd
in
g
of
th
e
ch
em
is
tr
y
of
ch
lo
ri
ne
in
wa
te
r.
El
em
en
ta
l
ch
lo
ri
ne
hy
dr
ol
yz
es
in
wa
te
r
to
fo
rm
hy
po
ch
lo
ro
us
ac
id
(e
qu
at
io
n
1)
.
Th
e
hy
po
ch
lo
ro
us
ac
id
is
a
we
ak
ac
id
an
d
it
di
ss
oc
ia
te
s
to
fo
rm
th
e
hy
po
ch
lo
ri
te
io
n
ac
co
rd
in
g
to
eq
ua
ti
on
2.
C1
2
+
H2
0
‘2
2—
:
HO
Cl
+
H+
+
cf
(1
)
+ _
HO
Cl
#
H
+
oc
1
(2
)
Th
us
,
fr
ee
av
ai
la
bl
e
ch
lo
ri
ne
is
pr
es
en
t
as
hy
po
ch
lo
ro
us
ac
id
(H
OC
l)
,
hy
po
ch
lo
ri
te
io
n
(0
C1
),
an
d
el
em
en
ta
l
ch
lo
ri
ne
(C
12
).
Am
mo
ni
a
is
pr
es
en
t
to
a
si
gn
if
ic
an
t
de
gr
ee
in
mo
st
wa
st
ew
at
er
an
d
is
of
pr
im
e
im
po
rt
an
ce
in
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
ts
us
in
g
ha
lo
ge
na
ti
on
fo
r
di
si
nf
ec
-
ti
on
.
At
pH
4.
5—
8.
5
an
d
20
°C
,
ch
lo
ri
ne
re
ac
ts
wi
th
am
mo
ni
a
in
wa
st
ew
at
er
to
pr
od
uc
e
mo
no
ch
lo
ra
mi
ne
(N
HZ
Cl
)
an
d
di
ch
lo
ra
mi
ne
(N
HC
lz
).
To
ta
l
re
si
du
al
ch
lo
ri
ne
(T
RC
)
is
th
e
su
m
of
fr
ee
av
ai
la
bl
e
ch
lo
ri
ne
an
d
co
mb
in
ed
av
ai
la
bl
e
ch
lo
ri
ne
(c
hl
or
am
in
es
an
d
si
mi
la
r
co
mp
ou
nd
s)
.
Fr
ee
av
ai
l—
ab
le
ch
lo
ri
ne
is
se
ld
om
fo
un
d
in
tr
ea
te
d
wa
st
ew
at
er
s
be
ca
us
e
ch
lo
ri
ne
is
ad
de
d
in
an
am
ou
nt
le
ss
th
an
th
e
ch
lo
ri
ne
de
ma
nd
be
fo
re
di
sc
ha
rg
e
to
a
su
rf
ac
e
water.
METHODOLOGY
Ma
ny
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
ts
are
re
qu
ir
ed
to
ma
in
ta
in
a
re
si
du
al
chl
ori
ne
con
cen
tra
tio
n
of
0.5
to
2.0
mg/
R.
Mos
t
pla
nt
ope
rat
ors
use
the
ort
hot
oli
din
e m
eth
od
whi
ch
has
bee
n
sho
wn
to
be
bia
sed
on
the
low
sid
e
re-
sul
tin
g
in
muc
h
hig
her
con
cen
tra
tio
ns
tha
n
nec
ess
ary
for
ade
qua
te
dis
inf
ect
ion
.
Thi
s
com
tou
nds
tox
ici
ty
pro
ble
msi
n
rec
eiv
ing
wat
ers
.
Tot
al
res
idu
al
chl
ori
ne
con
cen
tra
tio
ns
in
20
Ill
ino
is
eff
lue
nts
ran
ged
fro
m
0.9
8
to
5.1
7
mg/
Q
(Sn
oey
ink
and
Mar
kus
,
197
4).
A s
imi
lar
stu
dy
at
22
pla
nts
in
sou
the
rn
Wis
con
sin
res
ult
ed
in
obs
erv
ed
con
cen
tra
tio
n o
f T
RC
bet
wee
n 0
.18
and
10.
3 m
g/Q
(Mc
Ker
sie
, 1
974
).
Bo
th
st
ud
ie
s
de
mo
ns
tr
at
ed
tha
t
the
or
th
ot
ol
id
in
e
me
th
od
s
pr
ov
id
ed
th
e
po
or
es
t
re
su
lt
s
wh
en
co
mp
ar
ed
ag
ai
ns
t
be
tt
er
me
th
od
s
su
ch
as
th
e
am
pe
ro
me
tr
ic
ti
tr
at
io
n
te
ch
ni
qu
e.
Ot
he
r
st
ud
ie
s
(M
ar
te
ns
an
d
Se
rv
iz
i,
197
4;
Se
rv
iz
i
an
d
Ma
rt
en
s,
197
4)
re
ac
he
d
the
sa
me
co
nc
lu
si
on
tha
t
the
co
mm
on
ly
us
ed
or
th
ot
ol
id
in
e
me
th
od
is
in
ad
eq
ua
te
to
de
te
rm
in
e
TR
C
in
wa
st
ew
at
er
s
or
re
ce
iv
in
g
st
re
am
s.
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TOXICITY
OF
CHLORINATED
WASTEWATERS
T
h
e
r
e
i
s
a
n
e
x
t
e
n
s
i
v
e
d
a
t
a
b
a
s
e
o
n
t
h
e
t
o
x
i
c
i
t
y
o
f
T
R
C
t
o
f
r
e
s
h
w
a
t
e
r
a
q
u
a
t
i
c
l
i
f
e
a
n
d
t
h
e
s
e
d
a
t
a
h
a
v
e
b
e
e
n
a
d
e
q
u
a
t
e
l
y
s
u
m
m
a
r
i
z
e
d
(
I
s
o
m
,
1
9
7
1
;
M
c
K
e
e
a
n
d
W
o
l
f
,
1
9
6
3
;
D
o
u
d
o
r
o
f
f
a
n
d
K
a
t
z
,
1
9
5
0
;
B
r
u
n
g
s
,
1
9
7
3
a
n
d
1
9
7
6
;
a
n
d
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
c
u
r
c
e
s
,
1
9
7
1
)
.
T
h
e
f
o
l
l
o
w
i
n
g
d
i
s
c
u
s
s
i
o
n
i
s
l
i
m
i
t
e
d
t
o
t
h
o
s
e
s
t
u
d
i
e
s
t
h
a
t
h
a
v
e
i
n
v
o
l
v
e
d
c
h
l
o
r
i
n
a
t
e
d
w
a
s
t
e
w
a
t
e
r
s
a
n
d
d
o
e
s
n
o
t
i
n
c
l
u
d
e
n
u
m
e
r
o
u
s
s
t
u
d
i
e
s
of
T
R
C
in
c
l
e
a
n
w
a
t
e
r
s
.
T
h
e
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
(
1
9
7
1
)
r
e
p
o
r
t
e
d
t
h
e
e
f
f
e
c
t
s
o
n
c
a
g
e
d
f
i
s
h
i
n
s
e
v
e
r
a
l
r
e
c
e
i
v
i
n
g
s
t
r
e
a
m
s
b
e
l
o
w
w
a
s
t
e
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
.
F
i
f
t
y
p
e
r
c
e
n
t
of
t
h
e
r
a
i
n
b
o
w
t
r
o
ut
d
i
e
d
w
i
t
h
i
n
96
hr
(96—hr
L050)
at
TRC
c
o
n
c
e
n
—
t
r
a
t
i
o
n
s
of
0
.
0
1
4
to
0
.
0
2
9
mg/K;
s
o
m
e
f
i
s
h
d
i
e
d
as
far
as
0.8
m
i
l
e
(1.3
km)
b
e
l
o
w
t
h
e
o
ut
f
a
l
l
.
T
h
e
s
e
s
a
m
e
d
i
s
c
h
a
r
g
e
s
w
e
r
e
s
t
ud
i
e
d
w
h
e
n
c
h
l
o
r
i
n
a
t
i
o
n
w
a
s
t
e
m
p
o
r
a
r
i
l
y
i
n
t
e
r
r
u
p
t
e
d
,
a
n
d
no
m
o
r
t
a
l
i
t
y
wa
s
o
b
s
e
r
ve
d
.
In
a
d
d
i
t
i
o
n
,
d
e
c
h
l
o
—
r
i
n
a
t
i
o
n
w
i
t
h
s
o
d
i
u
m
t
h
i
o
s
u
l
f
a
t
e
e
l
i
m
i
n
a
t
e
d
t
o
xi
c
i
t
y
in
4
—
d
a
y
t
e
s
t
s
w
i
t
h
undiluted effluent.
T
s
a
i
(1973)
studied
the
effects
on
fish
of
156
wa
s
t
e
wa
t
e
r
treatment
plants
in
Maryland,
northern
Virginia,
and
southeastern
Pennsylvania.
All
the
plants
discharged
chlorinated
municipal
wastes
into
small
streams
containing
fish.
In
most
of
the
plants
in
Maryland
and
Virginia,
0.5
to
2.0
mg/R
residual
chlorine
is
maintained
in
the
effluents,
and
Pennsylvania
requires
0.5
mg/R
in
effluents
prior
to
discharge
to
natural
surface
water.
Tsai
(1973)
studied
principally
fish,
but
observed
typically
a
bottom
devoid
of
living
organisms
in
the
area
immediately
below
the
chlorinated
outfalls.
Unchlorinated
dis—
charge
areas
were
typically
characterized
by
abundant
growths
of
wastewater
fungi.
No
fish
were
found
in
water
with
a
TRC
above
0.37
mg/ﬁ,
and
the
species
diversity
index
reached
zero
at
0.25
mg/Q.
A
50
percent
reduction
in
species
diversity
index
occurred
at
0.10
mg/R.
Of
the
45
species
of
fish
observed
in
the
study
areas,
the
brook
trout
and
brown
trout
were
the
most
sensitive
and
were
not
found
at
concentrations
above
approximately
0.02
mg/R.
These
and
8
other
species
were
not
found
above
0.05
mg/K.
In
this
sensitive
group
were
5
m
i
n
n
o
w
species.
1
Arthur
et
al.
(1975)
have
studied
the
effect
of
chlorinated
secondary
wastewater
treatment
plant
effluent
containing
only
domestic
sewage
effluent
on
reproduction
of
fathead
minnows,
Daphnia
magna,
and
the
scud
(Gammarus
p§eudolimnaeus).
Daphnia
magna
apparently
was
the
most
sensitive
invertebrate
species
and
died
at
a
TRC
concentration
of
0.014
mg/ﬁ,
and
acceptable
repro—
duction
occurred
at
0.003
mg/Q
and
below.
Scud
reproduction
was
reduced
at
concentrations
above
approximately
0.012
mg/Q
(1.2
percent
effluent).
No
effects
on
any
life
cycle
stage,
including
reproduction,
of
the
fathead
minnow
Was
observed
at
a
concentration
of
0.014
mg/R;
adverse
effects
were
observed
at
0.042 mg/R.
Acute
toxicity studies
with
eight
species
of
fish,
crayfish
(Orconectes
virilis),
scud
(Gammarus
pseudolimnaeus),
snails
(Physa
integra
-and
Campeloma
decisum),
and
stoneflies
(Acroneuria
1ycorias)
indicated
that
the crayfiSh,
snails,
and
stonefly
larvae were
least
sensitive with
7—day
LC50
Values
greater
than
0.55
mg/l.
Seven—day
L050
values
for
the
other
organisms
were
between
0.083
and
0.261
mg/l;
coho
salmon,
brook
trout,
fathead
minnow,
White sucker, and walleye were the most sensitive (0.086 to 0.150 mg/l).
101
 
 N
e
a
r
l
y
5
0
p
e
r
c
e
n
t
o
f
t
h
e
o
b
s
e
r
v
e
d
m
o
r
t
a
l
i
t
i
e
s
o
c
c
u
r
r
e
d
i
n
t
h
e
f
i
r
s
t
1
2
h
o
u
r
s
o
f
t
h
e
a
c
u
t
e
t
e
s
t
s
i
n
d
i
c
a
t
i
n
g
t
h
a
t
t
h
e
l
e
t
h
a
l
e
f
f
e
c
t
o
f
T
R
C
o
c
c
u
r
s
r
a
p
i
d
l
y
.
C
o
m
p
a
r
a
b
l
e
a
c
u
t
e
a
n
d
c
h
r
o
n
i
c
t
e
s
t
s
w
i
t
h
t
h
e
e
f
f
l
u
e
n
t
d
e
c
h
l
o
r
i
n
a
t
e
d
w
i
t
h
s
u
l
f
u
r
d
i
o
x
i
d
e
i
n
d
i
c
a
t
e
d
t
h
a
t
m
o
s
t
,
if
n
o
t
a
l
l
,
o
f
t
h
e
t
o
x
i
c
i
t
y
of
t
h
e
c
h
l
o
r
i
n
a
t
e
d
e
f
f
l
u
e
n
t
w
a
s
e
l
i
m
i
n
a
t
e
d
.
E
s
v
e
l
t
et
a1
.
(1
97
1;
19
73
)
a
n
d
K
r
o
c
k
an
d
M
a
s
o
n
(1
97
1)
c
o
m
p
l
e
t
e
d
an
e
x
t
e
n
s
i
v
e
s
t
u
d
y
on
th
e
t
o
x
i
c
i
t
y
of
c
h
l
o
r
i
n
a
t
e
d
m
u
n
i
c
i
p
a
l
w
a
s
t
e
w
a
t
e
r
s
e
n
t
e
r
i
n
g
Sa
n
F
r
a
n
c
i
s
c
o
B
a
y
an
d
s
u
r
r
o
u
n
d
i
n
g
a
r
e
a
s
.
T
h
e
y
o
b
s
e
r
v
e
d
a
si
gn
if
ic
an
t
in
cr
ea
se
in
to
xi
ci
ty
fo
ll
ow
in
g
ch
lo
ri
na
ti
on
.
Ch
lo
ri
ne
t
o
xi
c
i
t
y
wa
s
st
il
l
si
gn
if
ic
an
t
in
ag
ed
(u
p
to
3
da
ys
)
c
h
l
o
r
i
n
a
t
e
d
wa
s
t
e
wa
t
e
r
,
in
wh
i
c
h
T
R
C
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
as
h
i
g
h
as
25
p
e
r
c
e
n
t
of
th
e
i
n
i
t
i
a
l
le
ve
l.
R
a
i
n
b
o
w
tr
ou
t
wa
s
th
e
mo
st
se
ns
it
iv
e
of
th
e
sp
ec
ie
s
te
st
ed
,
fo
ll
ow
ed
by
th
e
go
ld
en
Sh
in
er
an
d
t
h
r
e
e
—s
p
i
n
e
d
st
ic
kl
eb
ac
k.
A
ca
lc
ul
at
ed
ch
lo
ri
ne
r
e
s
i
d
ua
l
of
0.
03
mg
/Q
,
ba
se
d
on
d
i
l
ut
i
o
n
of
a
m
e
a
s
ur
e
d
c
o
n
c
e
n
t
r
a
t
i
o
n
of
2.
0
mg
/R
,
r
e
d
uc
e
d
p
h
yt
o
p
l
a
n
k
t
o
n
p
h
o
t
o
s
yn
t
h
e
s
i
s
by
mo
re
th
an
20
pe
rc
en
t
of
th
e
va
l
ue
ob
ta
in
ed
w
i
t
h
a
di
lu
ti
on
of
ef
fl
ue
nt
ha
vi
ng
no
ch
lo
ri
ne
re
si
du
al
.
De
ch
lo
ri
na
ti
on
wi
th
so
di
um
bi
su
lf
it
e
al
so
el
im
in
at
ed
ch
lo
ri
ne
—r
el
at
ed
to
xi
ci
ty
.
On
e
of
th
e
co
nc
lu
si
on
s
of
th
e
Ca
li
fo
rn
ia
st
ud
y
wa
s
th
at
ch
lo
ri
na
ti
on
ma
y
be
th
e
la
rg
es
t
si
ng
le
so
ur
ce
of
to
xi
ci
ty
in
Sa
n
Fr
an
ci
sc
o
Ba
y.
Ma
rt
en
s
an
d
Sé
rv
iz
i
(1
97
4)
an
d
Se
rv
iz
i
an
d
Ma
rt
en
s
(1
97
4)
ob
se
rv
ed
mo
r—
ta
li
ty
of
sa
lm
on
in
re
ce
iv
in
g
st
re
am
s
at
TR
C
co
nc
en
tr
at
io
ns
as
lo
w
as
0.
02
mg
/i
.
De
te
rm
in
at
io
ns
of
th
e
ef
fe
ct
of
ti
me
on
ch
lo
ri
ne
re
si
du
al
s
we
re
ma
de
by
sa
mp
le
st
or
ag
e
an
d
la
go
on
re
te
nt
io
n.
Le
th
al
co
nc
en
tr
at
io
ns
pe
rs
is
te
d
in
un
di
lu
te
d
ef
fl
ue
nt
fo
r
at
le
as
t
50
ho
ur
s.
Tw
en
ty
to
on
e
di
lu
ti
on
s
re
su
lt
ed
in
th
e
ch
lo
ri
ne
re
si
du
al
de
cl
in
in
g
to
a
no
n-
de
te
ct
ab
le
co
nc
en
tr
at
io
n
af
te
r
22
1
ho
ur
s.
St
ud
ie
s
wi
th
ca
ge
d
fi
sh
at
po
in
ts
do
wn
st
re
am
of
th
e
ef
fl
ue
nt
de
mo
ns
—
tr
at
ed
ac
ut
el
y
le
th
al
co
nd
it
io
ns
th
at
di
d
no
t
pe
rs
is
t
du
ri
ng
pe
ri
od
s
wh
en
th
e
ch
lo
ri
na
to
r
wa
s
in
op
er
ab
le
.
Wa
rd
et
a1
.
(1
97
6)
co
nd
uc
te
d
ac
ut
e
an
d
ch
ro
ni
c
te
st
s
of
ch
lo
ri
na
te
d
wa
st
e-
wa
te
r
at
th
e
Gr
an
dv
il
le
,
Mi
ch
ig
an
se
wa
ge
tr
ea
tm
en
t
pl
an
t.
Th
e
96
—h
r
LC
50
va
lu
es
fo
r
fi
sh
ra
ng
ed
fr
om
0.
04
to
0.
27
8
mg
/Q
.
Th
e
LC
50
va
lu
es
fo
r
ra
in
bo
w
tr
ou
t,
co
ho
sa
lm
on
,
la
ke
tr
ou
t,
go
ld
en
Sh
in
er
,
co
mm
on
Sh
in
er
,
pu
gn
os
e
Sh
in
er
,
an
d
fa
th
ea
d
mi
nn
ow
we
re
fr
om
0.
04
to
0.
09
5
mg
/2
.
Th
e
mo
st
re
si
st
en
t
sp
ec
ie
s
we
re
la
rg
em
ou
th
ba
ss
an
d
ot
he
r
su
nf
is
h.
Th
e
hi
gh
es
t
te
st
ed
co
nc
en
tr
at
io
n
of
re
si
du
al
ch
lo
ri
ne
th
at
ha
d
no
ch
ro
ni
c
ef
fe
ct
on
th
e
fa
th
ea
d
mi
nn
ow
wa
s
0.
01
mg
/R
.
A
se
co
nd
se
ri
es
of
ac
ut
e
an
d
ch
ro
ni
c
st
ud
ie
s
at
th
e
Wy
om
in
g,
Mi
ch
ig
an
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
t
ha
s
pr
od
uc
ed
si
mi
la
r
re
su
lt
s
(W
ar
d
et
al
.,
19
77
).
Se
ve
ra
l
re
vi
ew
er
s
of
ch
lo
ri
ne
to
xi
ci
ty
ha
ve
re
co
mm
en
de
d
nu
me
ri
ca
l
ob
je
ct
iv
es
fo
r
co
nc
en
tr
at
io
ns
of
TR
C
th
at
wo
ul
d
no
t
ad
ve
rs
el
y
af
fe
ct
aq
ua
ti
c
po
pu
la
ti
on
s
wh
en
di
sc
ha
rg
ed
co
nt
in
uo
us
ly
.
Ba
sc
h
an
d
Tr
uc
ha
n
(1
97
4)
re
co
mm
en
de
d
ma
xi
mu
m
co
nc
en
tr
at
io
ns
of
0.
02
an
d
0.
00
5
mg
/R
fo
r
wa
rm
wa
te
r
an
d
co
ld
wa
te
r
in
to
le
ra
nt
fi
sh
,
re
sp
ec
ti
ve
ly
.
Eu
ro
pe
an
In
la
nd
Fi
sh
er
ie
s
Ad
vi
so
ry
Co
mm
is
si
on
(1
97
3)
ha
s
su
gg
es
te
d
ob
je
ct
iv
es
de
pe
nd
en
t
up
on
pH
an
d
te
mp
er
at
ur
e
wi
th
an
ac
ce
pt
ab
le
up
pe
r
li
mi
t
of
0.
00
4
mg
HO
Cl
/Z
(T
RC
fr
om
0.
00
4
mg
/l
at
a
pH
of
6.
0
an
d
5°
C
to
0.
12
1
mg
/R
at
a
pH
of
9.
0
an
d
25
°C
).
A
th
ir
d
re
vi
ew
by
Br
un
gs
(1
97
3)
ha
s
re
co
mm
en
de
d
ob
je
ct
iv
es
of
0.
01
mg
/l
fo
r
wa
rm
wa
te
r
fi
sh
an
d
0.
00
2
mg
/R
fo
r
co
ld
wa
te
r
sp
ec
ie
s
an
d
th
e
mo
st
se
ns
it
iv
e
fi
sh
fo
od
or
ga
ni
sm
s.
Si
nc
e
th
es
e
re
co
mm
en
da
ti
on
s,
ad
di
ti
on
al
da
ta
on
wa
rm
wa
te
r
fi
sh
sp
ec
ie
s
(A
rt
hu
r
et
al
.,
19
75
;
Ts
ai
,
19
73
;
Wa
rd
et
al
.,
19
76
,
19
77
;
Bo
ga
rd
us
et
al
.,
19
76
)
do
no
t
su
pp
or
t
th
e
di
st
in
ct
io
n
be
tw
ee
n
co
ld
wa
te
r
an
d
wa
rm
wa
te
r
fi
sh
sp
ec
ie
s.
A
mo
re
re
ce
nt
re
co
mm
en
da
ti
on
(B
ru
ng
s,
19
76
)
su
pp
or
ts
th
e
ob
je
ct
iv
e
fo
r
to
ta
l
re
si
du
al
chlorine of 0.002 mg/R.
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PHYSICAL CHARACTERISTICS
TEMPERATURE
RECOMMENDATION
1.
Thermal
additions
to receiving waters
or a designated segment
thereof
should
be such
that
thermal
stratification and subsequent
turnover dates
are
not altered
from
those
existing
prior to addition
of heat from
artificial origin.
2. Maximum Weekly Average Temperature
 
This
is the mathematical
mean
of multiple,
equally
spaced daily
temperatures.
A. For Growth
The maximum weekly average temperature (MWAT) in the zone inhabited
‘
by the species at that time should not exceed one-third of the
I
range between the optimum temperature (To) and the ultimate upper
‘
incipient lethal temperature (Tu) of the species, in order to
maintain growth of aquatic organisms at levels necessary for sus-
taining actively growing and reproducing populations (Table 1,
Appendix I}. Thus,
MWAT = To + Tu — To
3
The optimum temperature is assumed to be for growth but other
physiological optima may be used in the absence of growth data.
The MWAT must be applied with adequate understanding of the normal
seasonal distribution of the important species.
B. For Reproduction
The MWAT for reproduction should not exceed those limits for normal
spawning (Table 2, Appendix I); in addition these objectives must
protect gonad growth and gamete maturation, spawning migrations,
spawning itself timing and synchrony with cyclic food sources, and
normal patterns of gradual temperature changes throughout the year.
The protection of reproductive activity must take into account
normal months during which these processes occur in specific water
bodies for which objectives are being developed.
0. For Winter Survival (applicable at any place inhabitable by fish)
The MWAT for fish survival during winter shouldnot exceed the
acclimation, or plume, temperature (minus a 2.0 0 safety factor)
that raises the lower lethal threshold temperature above the normal
ambient water temperature for that season. This temperature limit
wil
l a
ppl
y i
n a
ny
are
a t
o w
hic
h t
he f
ish
hav
e a
cce
ss
and
wou
ld
include areas such as unscreened disoharge channels.
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p
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e
g
r
e
s
s
i
o
n
eq
ua
ti
on
:
log (t) = a + b (T)
wh
e
r
e
a
a
n
d
b
ar
e
i
n
t
e
r
c
e
p
t
a
n
d
sl
op
e,
re
sp
ec
ti
ve
ly
,
w
h
i
c
h
ar
e
ch
ar
ac
te
ri
st
ic
s
of
ea
ch
ac
cl
im
at
io
n
te
mp
er
at
ur
e
fo
r
ea
ch
sp
ec
ie
s
(
N
a
t
i
o
n
a
l
A
c
a
d
e
m
y
o
f
S
c
i
e
n
c
e
s
,
19
73
).
B.
F
o
r
th
e
S
e
a
s
o
n
o
f
R
e
p
r
o
d
u
c
t
i
o
n
Th
e
sh
or
t—
te
rm
ma
xi
mu
m
te
mp
er
at
ur
e
fo
r
th
e
se
as
on
of
re
pr
od
uc
ti
on
sh
ou
ld
be
ba
se
d
on
th
e
ma
xi
mu
m
in
cu
ba
ti
on
te
mp
er
at
ur
e
fo
r
su
cc
es
s-
fu
l
em
br
yo
su
rv
iv
al
.
Th
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os
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c
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l
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r
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 Because temperature changes may affect aquatic communities, an induced
change in the thermal characteristics of an ecosystem may be detrimental. 0n
the other hand, altered thermal characteristics may be beneficial, as evidenced
in some of the newer fish hatchery practices and at other aquacultural facilities.
The general difficulty in developing suitable objectives for temperature
(which would limit the addition of heat) is to determine the deviation from
natural temperature a particular body of water can experience without adversely
affecting its desired biota. Whatever requirements are suggested, natural
diurnal and seasonal cycles must be retained, annual spring and fall changes
in temperature must be gradual, and large unnatural day—to—day fluctuations
should be avoided. In View of the many variables, it seems obvious that no
single temperature rise limitation can be applied uniformly to continental or
large regional areas; the requirements must be closely related to each body of
water and to its particular community of organisms, especially the important
species found in it. These should include invertebrates, plankton, or other
plant and animal life that may be of importance to food chains or otherwise
interact with species of direct interest to man. Since thermal requirements
of various species differ, the social choice of the species to be protected
allows for different levels of protection among water bodies. Although such
decisions clearly transcend the scientific judgments needed in establishing
thermal criteria for protecting selected species, biologists can aid in making
these decisions. Some measures useful in assigning levels of importance to
species are: (1) high yield or desirability to commercial or sport fisheries,
(2) large biomass in the existing ecosystem (if desirable), (3) important
links in food chains of other species judged important for other reasons, and
(4) endangered or unique status.
Criteria for making recommendations for water temperature to protect
desirable aquatic life cannot be simply a maximum allowed change from natural
temperatures. This is principally because a change of even one degree from an
ambient temperature has varying significance for an organism, depending upon
where the ambient level lies within the tolerance range. In addition, historic
temperature records or, alternatively, the existing ambient temperature prior
to a
ny t
herm
al a
lter
atio
ns b
y ma
n ar
e no
t al
ways
reli
able
indi
cato
rs o
f de
sir»
able conditions for aquatic populations. Multiple developments of water
resources also change water temperatures both upward (e.g. upstream power
pla
nts
or
sha
llo
w r
ese
rvo
irs
) a
nd
dow
nwa
rd
(e.g
. d
eep
wat
er
rel
eas
es
for
lar
ge
rese
rvoi
rs)
so t
hat
ambi
ent
and
natu
ral
temp
erat
ures
at a
give
n po
int
can
best
be d
efin
ed o
nly
on a
stat
isti
cal
basi
s.
Obje
ctiv
es f
or t
empe
ratu
re s
houl
d
cons
ider
both
the
mult
iple
ther
mal
requ
irem
ents
of a
quat
ic s
peci
es a
nd r
equi
re—
men
ts
for
bal
anc
ed
com
mun
iti
es.
The
num
ber
of
dis
tin
ct
req
uir
eme
nts
and
the
nec
ess
ary
val
ues
for
eac
h r
equ
ire
per
iod
ic
re-
exa
min
ati
on
as
kno
wle
dge
of
the
rma
l e
ffe
cts
on
aqu
ati
c s
pec
ies
and
com
mun
iti
es
inc
rea
ses
.
Cur
ren
tly
definable requirements include:
0
Ma
xi
mu
m
su
st
ai
ne
d
te
mp
er
at
ur
es
th
at
ar
e
co
ns
is
te
nt
wi
th
ma
in
ta
in
in
g
de
si
ra
bl
e
le
ve
ls
of
pr
od
uc
ti
vi
ty
(g
ro
wt
h
mi
nu
s
mo
rt
al
it
y)
;
0
Ma
xi
mu
m
le
ve
ls
of
th
er
ma
l
ac
cl
im
at
io
n
th
at
wi
ll
pe
rm
it
sa
fe
re
tu
rn
to
am
bi
en
t
wi
nt
er
te
mp
er
at
ur
es
sh
ou
ld
ar
ti
fi
ci
al
so
ur
ce
s
of
he
at
cease;
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p
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t
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a
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gr
at
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e
ve
l
o
p
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d
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en
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g
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ot
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r
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ti
es
)
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e
-
ni
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d
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at
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i
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APPENDIX 1
DERIVATION 0F CRITERIA
THE PROCEDURES FOR CALCULATING
NUMERICAL TEMPERATURE OBJECTIVES
FOR FRESHWATER FISH.
FISH TEMPERATURE DATA SHEETS
EXAMPLES

 1.
THE
PROCEDURES
FOR
CALCULATING
NUMERICAL
TEMPERATURE
OBJECTIVES
FOR
FRESHWATER
FISH
MAXIMUM WEEKLY AVERAGE TEMPERATURE
FOR GROWTH
The necessary minimum data for the determination of this objective are
the physiological optimum temperature and the ultimate upper incipient
lethal temperature.
This latter temperature represents the breaking
point between the highest temperatures to which an animal can be accli—
mated and the lowest of the extreme temperatures that will kill the warm—
acclimated organism. Physiological optima can involve performance,
metabolic rate, temperature preference, growth, natural distribution, or
tolerance. However, the most sensitive function seems to be growth rate
which appears to be an integrator of all factors affecting an organism.
In the absence of data on optimum growth, the use of an optimum for a
more specific function may be more desirable than not developing a growth
objective at all.
MWAT for growth were calculated (Table l) for fish species for which
appropriate data were available. These data were obtained from the Fish
Temperature Data Sheets in this Appendix. These data sheets contain the
majority of thermal effects data for 34 species of freshwater fish and
the sources of the data. In many instances no magic numbers jump off the
page into the formula for the MWAT for growth. Some subjectivity is
inevitable and necessary. For example, the data sheet for channel cat—
fish includes four temperature ranges for optimum growth based on three
published papers. It would be more appropriate to use data for growth of
juveniles and adults rather than larvae. The middle of each range for
juvenile channel catfish growth is 29 and 30 C. In this instance 29 C is
judged the best estimate of the optimum. The highest upper incipient
lethal temperature (that would approximate the ultimate upper incipient
lethal temperature) is 38 C. Using the previous formula for the MWAT for
growth:
29c+L3—8;§9—C—) =3zc
The
tem
per
atu
re
obj
ect
ive
s f
or
the
MWA
T f
or
gro
wth
of
cha
nne
l c
atf
ish
would be 32 C (as appears in Table 1).
SHORT—TERM MAXIMUM DURING GROWTH SEASON
In
add
iti
on
to
the
MWAT
, a
sho
rt—
ter
m m
axi
mum
tem
per
atu
re
is
nec
ess
ary
to
Protect against potential lethal effects.
We have to assume that the incipient
 TABLE 1
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Striped Bass --
Threadfin Shad —-
Wa
ll
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e
25
White Bass --
Wh
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e
Cr
ap
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e
28
White Perch —-
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it
e
Su
ck
er
28
C
Yellow Perch 29
  
a
-
Ca
lc
ul
at
ed
ac
co
rd
in
g
to
the
eq
ua
ti
on
in
the
Re
co
mm
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da
ti
on
(pa
ge
2])
.
b
—
Ba
se
d
on
the
eq
ua
ti
on
in
the
Re
co
mm
en
da
ti
on
(pa
ge_
22)
.
Q ~ Based on data for larvae.
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lethal
data
reflecting
50
percent
survival
necessary
for
this
calculation
would
be
based
on
an
acclimation
temperature
near
the
MWAT
for
growth.
There—
fore,
using
the
lethal
threshold
data
for
the
channel
catfish,
we
find
four
possible
data
choices
near
the
MWAT
of
32
C
(again
it
is
preferable
to
use
data on juveniles or adults):
 
Acclimation
temperature
(°C)
a
b
30
32.1736
-O.78ll
34
26.4204
-0.6149
30
17.7125
-O.4058
35
28.3031
-0.6554
The
formula
for
calculating
the
short—term
maximum
is
l
o
g
(t)
=
a
+
b
(T)
where
t
is
the
time
in
minutes
and
T
is
the
temperature
in
°C.
Since
this
temperature
objective
is
a
mean
weekly
value,
we
will
assume
that
an
appropriate
length of
time
one might
expect
a short—term maximum
temperature
to
persist
would
be
24
hrs.
Any
longer
time would
probably
result
in a violation
of
the mean weekly
temperature.
Since
the
time
is fixed
at
24 hrs.
(1440 min.),
we
need
to
solve
for
temperature:
, . a log 1440 — a
lemperature in C = b
Upon solving for each of the four data points, we obtain 37.1, 37.8, 35.9 and
38.4 C.
The average would be 37.3 C and after subtracting the 2 C safety
factor to provide 100 percent survival, the short—term maximum for channel
catfish would be 35 C as appears in Table l.
MAXIMUM WEEKLY AVERAGE TEMPERATURE FOR SPAWNING
These objectives are the easiest to determine. Using the data sheets in
this Appendix, one would use either the optimpm temperature for spawning or,
if that is not available, the middle of the range of temperatures for spawning.
Again, using the channel catfish data, the MWAT for spawning by the channel
catfish would be 27 C (Table 2). Since spawning may occur over a period of a
few months in a particular water body and only a MWAT for optimum spawning is
estimated, it would be logical to use that optimum for the middle month of the
Spawning season. For a spring—spawning species, the MWAT for the next earlier
month would approximate the lower temperature of the range in spawning tempe—
rature and the MWAT for the last month of a usual 3—month spawning season
would approximate the upper temperature for the range. For example, if the
Channel catfish spawned from April to June the MWAT for the 3 months would be
aPp
rox
ima
tel
y 2
1,
27
and
29
C.
For
fal
l—s
paw
nin
g f
ish
spe
cie
s,
the
pat
ter
n o
r
SEQ
Uen
ce
of
tem
per
atu
res
wou
ld
be
rev
ers
ed
due
to
nat
ura
l d
ecl
ini
ng
tem
per
atu
res
during their spawning season.
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TAB
LE
2
i
E
OBJ
ECT
IVE
S
FOR
SPA
WNI
NG
AND
EMB
RYO
SUR
VIV
AL
OF
SHO
RT‘
EXP
OSU
RES
DURING THE SPAWNING SEASON; OC
'2
SPE
CIE
S
MAX
IMU
M W
EEK
LY
AVE
RAG
Ea
MAX
IMU
M
TEM
PER
ATU
RE
FOR
b
‘
TEM
PER
ATU
RE
FOR
SPA
WNI
NG
EMB
RYO
SUR
VIV
AL
Ale
wif
e
22
28C
Atl
ant
ic
Sal
mon
5
11C
Big
mou
th
Buf
fal
o
17
27C
Bla
ck
Cra
ppi
e
17
20
Blu
egi
ll
25
34
Bro
ok
Tro
ut
9
13
Bro
wn
Bul
lhe
ad
24
27
Bro
wn
Tro
ut
8
15
Car
p
21
33
Cha
nne
l C
atf
ish
27
29C
Coh
o S
alm
on
10
13C
Eme
ral
d
Shi
ner
24
28C
Fat
hea
d M
inn
ow
24
30
Fre
shw
ate
r D
rum
21
26
Lak
e H
err
ing
(Ci
sco
)
3
8
Lak
e W
hit
efi
sh
5
10C
Lak
e T
rou
t
9
14
Lar
gem
out
h B
ass
21
27C
Nor
the
rn
Pik
e
ll
19
Pump
kins
eed
25
29C
Rai
nbo
w S
mel
t
8
15
Rain
bow
Trou
t
9
13
San
ger
12
18
Smallmouth Bass 17 23C
Smal
lmou
th B
uffa
lo
21
28C
Soc
key
e S
alm
on
10
13
Str
ipe
d B
ass
18
24
Threadfin Shad l9 ‘ 34
Walleye 8 17C
White Bass 17 26
White Crappie 18 23
White Perch 15 20C
White Sucker 10 20
Yellow Perch 12 20
   
a — The optimum or mean of the range of spawning temperatures reported for
the species.
i b — The upper temperature for successful incubation and hatching reported for
i: the species.
h c - Upper temperature for spawning.
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M
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G
S
E
A
S
O
N
I
f
t
h
e
s
e
m
a
x
i
m
a
w
e
r
e
d
e
t
e
r
m
i
n
e
d
i
n
t
h
e
s
a
m
e
m
a
n
n
e
r
a
s
f
o
r
t
h
e
g
r
o
w
i
n
g
s
e
a
s
o
n
,
w
e
w
o
u
l
d
b
e
u
s
i
n
g
t
h
e
t
i
m
e
m
t
e
m
p
e
r
a
t
u
r
e
e
q
u
a
t
i
o
n
a
s
b
e
f
o
r
e
.
H
o
w
e
v
e
r
,
t
h
e
s
e
d
a
t
a
a
r
e
b
a
s
e
d
u
s
u
a
l
l
y
o
n
s
u
r
v
i
v
a
l
o
f
j
u
v
e
n
i
l
e
a
n
d
a
d
u
l
t
i
n
d
i
v
i
d
u
a
l
s
.
E
g
g
i
n
c
u
b
a
t
i
o
n
t
e
m
p
e
r
a
t
u
r
e
r
e
q
u
i
r
e
m
e
n
t
s
a
r
e
m
o
r
e
r
e
s
t
r
i
c
t
i
v
e
(
l
o
w
e
r
)
a
n
d
t
h
i
s
b
i
o
l
o
g
i
c
a
l
p
r
o
c
e
s
s
w
o
u
l
d
n
o
t
b
e
p
r
o
t
e
c
t
e
d
b
y
m
a
x
i
m
a
d
e
s
i
g
n
e
d
u
s
i
n
g
d
a
t
a
o
n
j
u
v
e
n
i
l
e
a
n
d
a
d
u
l
t
f
i
s
h
.
A
l
s
o
,
s
p
a
w
n
i
n
g
i
t
s
e
l
f
c
o
u
l
d
b
e
p
r
e
m
a
t
u
r
e
l
y
s
t
o
p
p
e
d
if
t
h
o
s
e
m
a
x
i
m
a
w
e
r
e
a
c
h
i
e
v
e
d
.
It
is
a
l
s
o
l
i
k
e
l
y
t
h
a
t
t
h
e
m
a
x
i
m
u
m
s
p
a
w
n
i
n
g
t
e
m
p
e
r
a
t
u
r
e
a
p
p
r
o
x
i
m
a
t
e
s
the
m
a
x
i
m
u
m
s
u
c
c
e
s
s
f
u
l
i
n
c
u
b
a
t
i
o
n
t
e
m
p
e
r
a
t
ur
e
.
C
o
n
s
e
q
u
e
n
t
l
y
,
t
h
e
s
h
o
r
t
—
t
e
r
m
m
a
x
i
m
u
m
t
e
m
p
e
r
a
t
u
r
e
s
h
o
u
l
d
p
r
e
f
e
r
a
b
l
y
b
e
b
a
s
e
d
on
m
a
x
i
m
u
m
i
n
c
u
b
a
t
i
o
n
t
e
m
p
e
r
a
t
u
r
e
for
s
u
c
c
e
s
s
f
u
l
e
m
b
r
yo
s
u
r
v
i
v
a
l
b
ut
the
m
a
x
i
m
u
m
t
e
m
p
e
r
a
t
u
r
e
for
s
p
a
w
n
i
n
g
is
p
r
o
b
a
b
l
y
an
a
c
c
e
p
t
a
b
l
e
a
l
t
e
r
n
a
t
i
v
e
.
In
fact,
the
higher
of
the
two
is
probably
the
preferred
choice
as
va
r
i
a
b
i
l
i
t
y
in
a
va
i
l
a
b
l
e
data
may
indicate
discrepancies
in
this
relationship.
For
the
channel
catfish
(see
Fish
Temperature
Data
Sheet)
the
maximum
reported
incubation
temperature
is
28
C
and
the
maximum
reported
spawning
temperature
is
29
C.
Therefore,
the
best
estimate
of
the
short—term
survival
of
embryos
would
be
29
C
(Table
2).
MAXIMUM
WEEKLY
AVERAGE
TEMPERATURE
FOR
WINTER
As
discussed
earlier
the
MWAT
for
winter
is
necessary
usually
to
prevent
fish
mortality
in
the
event
the
water
temperature
drops
rapidly
to
an
ambient
condition.
This
could
occur
due
to
power
plant
shutdown
or
a
movement
of
the
fish
itself.
These
MWAT
are
meant
to
apply
whatever
fish
can
congregate
even
if
that
is
within
the
mixing
zone.
Some
stocks
of
yellow
perch
appear
to
require
a
long
chill
period
during
the
winter
for
optimum
egg
maturation
and
spawning.
However,
protection
of
this
species
would
be
outside
the
mixing
zone.
In
addition,
the
embryos
of
fall
spawning
fish
such
as
trout,
salmon
and
other
related
species
such
as
Cisco
require
low
incubation
temperature.
For
these
species
the
MWAT
during
Winter
would
have
to
consider
embryo
survival,
but
again,
this
would
be
outside
t
h
e
m
i
x
i
n
g
z
o
n
e
.
With
these
exceptions
in mind,
it
is unlikely
that
any
significant
effects
on
fish
populations
would
occur
as
long
as
mortality
was
prevented.
In
many
instances
growth
could
be
enhanced
by
winter
heat
addition.
There are fewer data for lower incipient lethal temperatures than for
the previously
discussed
upper
incipient
lethal
temperatures
(NAS/NAE,
1973).
COnsequently, the data were combined to develop a generalized MWAT for winter
survival
rather
than
use
the
species
specific
approach
as
in
the
other
types
0f Objectives.
 
All the lower lethal threshold data for freshwater fish species were
used to calculate a regression line.
This line had a slope of 0.50 and a
correlation coefficient of 0.75.
This regression line was then displaced
by approximately 2.5 C since it passed through the middle of the data p01nts
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t
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je
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mi
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de
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a
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e
ma
xi
mu
m
te
mp
er
at
ur
e
wh
er
e
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d
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a
lo
we
r
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bi
en
t
of
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t
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5
C,
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e
MW
AT
wo
ul
d
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C,
a
7.
5
C
di
ff
er
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.
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FISH TEMPERATURE DATA
     
Species: Northern pike, E303: Zucius
acclimation , , ,
I. Lethal threshold: temperature larvae Juvenile adult reference
upper l8 25,28* 2
25 32 _ m-_ _l .—
27 ‘ 33 1
30 33** 1
*At hatch and free swimming, respectively
LIJNGr **Ult1mate inc1pient level
18 3* 2 _
*At hatch and free swimming
ll. Growth: larvae juvenile adult
Optimum and 21 26 2____
[F0098] (18:26) ___ 2___
III. Reproduction: optimum range month(s)
Migration __
Spawning MAME. Feb—June(5) 3.4i5
Incubation
and hatch L 7-19 2
acclimation _
IV. Preferred: temperature larvae mvenile adult
24,26* 6
*Grass pickerel and musky,
respectively
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 FISH TEMPERATURE DATA
      
Sp
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s:
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ki
ns
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d,
Le
po
mi
s
gi
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os
us
ac
cl
im
at
io
n
.
.
.
I.
Le
th
al
th
re
sh
ol
d:
te
mp
er
at
ur
e
la
rv
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Ju
ve
ni
le
ad
ul
t
l
re
fe
re
nc
e
Upper
Lower __
ll.
Gro
wth
:
lar
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iuv
eni
le
a
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O
p
t
i
m
u
m
an
d
30
l
[H
in
ge
]
m
_
_
15
3-
?
1
ill. Reproduction: optimum ran e month(s)
Migration _
Sp
aw
ni
ng
20-
29
May
-Au
q
3
Incubation
and hatch
acclimation .
IV. Preferred: temperature larvae luvenile adult
19 May 21 2
24 June 31 2
26 Sept 33_ 2
8 Nov 10 2
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 FISH TEMPERATURE DATA
Species: Rainbow smelt, Osmerus mordaa:
acclimation
   
I. Lethal threshold: temperature larvae juvenile adult W'
Upper
Lower
II. Growth: larvae juvenile adult
Optimum
and
_
[F0098] _ ____ ___
Ill. Reproduction: optimum range month(s)
Migration _4'5__ ‘
Spawning 0.6-]5 April 2
lncubaﬂon
and hatch m 5—15 3
acclimation
lV.
Preferred:
temperature
larvae
ﬁwenile
adult
6-14 4
 
'References on following page.
158
 
 RAINBOW SMELT
REFERENCES
McKenzie,
R.A.
1964.
Smelt life history and fishery in the Miramichi
River,
New Brunswick.
Bull.
No.
144,
Fish.
Res.
Ed.
Canada.
p.
1—17.
Hale,
J.G.
1960.
Some
aspects
of
the
life history
of
the
smelt
(Cameras
mordax)
in
Western
Lake
Superior.
Minn.
Fish
&
Game
Invest.
Fish
Ser.
2:25—41.
Carlander,
K.D.
1969.
Handbook of
freshwater
fishery biology,
Vol.
1
life history on freshwater fishes of the United States and Canada, ex—
clusive
of
the
Perciformes.
Iowa State
Univ.
Press,
Ames,
Iowa.
752 p.
9
Wells,
L.
1968.
Cited
in:
Brown,
H.W.
1974.
Handbook of
the
effects
of
temperature
on some
North
American
fishes.
Amer.
Elect.
Power
Service
Corp., Box 487, Canton, Ohio.
159
  
   
FISH TEMPERATURE DATA
 
_
.
‘
_
A
_
_
.
.
,
,
_
_
.
.
.
.
.
A
.
.
.
W
a
“
    
Species: Rainbow trout, SaZmo gairdneri
acclimation . , l
l. Lethal threshold: temperature larvae Juvenile adult reference
ll Upper l8 27 l
19 21 2
Lower
ll. Growth: larvae juvenile adult
Optimum and ______ 17-19 5
[range]
[MEAL-ﬂ‘ilﬂ
8.1]
’
lll. Reproduction:
optimum
range
month(s)
Migration ______ ____
Spawning _9(_lQ)_ £1115; NOV-Feb(7) 6,7,10
Incubation Feb’Junem
and hatch ﬂ 543(4) 4,9
T acclimation
i
N.
Preferred:
temperature
larvae
juvenile
adult
"
Not
given
14
3
13—20
13—19
ll
l8&24
l8&ZZ,
reap.
12
._
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FISH TEMPERATURE DATA
     
Sp
ec
ie
s:
Sa
ug
er
,
{I
bi
zo
st
ed
io
n
ca
na
de
ns
e
acclimation . _ l
I. Lethal threshold: temperature larvae Luvenile adult reference
Upper 10 27 4
i2 27 4
l8 29 4
22 30 4
26 30 4
Lower
ll. Growth: larvae juvenile adult
Optimum and 22 4
[range] (is—26) 4
Ill. Reproduction: optimum range month(s)
Migration __
Spawning 9-l5l4l* 6 l 45 4) Apr(l)—June(3) L3,4
lncubaﬂon
and hatch ﬂ“ 9'18 4
*fOr fertilization
acclimation .
lV. Preferred: temperature larvae juvenile adult
19* 2
ZLZQ- —5————_——
*field
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 FISH TEMPERATURE DATA
      
Sp
ec
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lm
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,
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op
te
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s
do
lo
mi
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i
'
acc
lim
ati
on
_
,
.
g
l.
Let
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thr
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old
:
te
mp
er
at
ur
e
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Juv
eni
le
adu
lt
ref
ere
nce
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upp
er
38*(
8)
35(3
)
8,3
*acclimation not given
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we
r
J
i
l
l
—
E
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43
):
2(
3)
3,
8
18 4 3
22 7 3
26 10 3
*acclimation temperature not given
ll.
Gro
wth
:
lar
vae
juve
nile
adu
lt
Optimum and 28—29(2) 26(3) __ Jul—.—
[range] __
Ill. Reproduction: optimum range month(s)
Migration _ _
Sp
aw
ni
ng
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8
5
-23
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-Ju
)
M
L
Incubation
and hatch 19:21. 10
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lV. Preferred: temperature larvae |uvenile adult
Summer 21-27 6
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18330 23&_3_1_re_sp. 1]
*juvenile and adult
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’ Species: Smallmouth buffalo, Ictiobus bubaZus
: acclimation . . I
I. Lethal threshold: temperature larvae Juvenile adult reference
'él Upper
Lower _ __
ll. Growth: larvae juvenile a ult
Optimum and
[range] __ __ __
Ill, Reproduction: optimum range month(s)
Migration .__._._
Spawning 17(1)-24(5) Mar(3)—Sept(5) 1,3,5
lncubaﬂon
and hatch ____ l4lll-21l2) 1.2
acclimation
IV. Preferred: temperature larvae mvenile adult
31-34* 4
*Ictiobus sp. field
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 FlSH TEMPERATURE DATA
      
1‘
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s:
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e
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,
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rh
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us
ne
rk
a
1
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imat
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,
,
I
l. Le
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thre
shol
d:
tem
per
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re
larv
ae
juve
nile
adul
t
refe
renc
e
Upper
5
22
‘
1o 23 1
15 24 1
20 25 1
Lower ____5_.__ .____ 0 1
10 3 J
15 4 1
20 5 1
23 7 1
ll. Growth: larvae l’uvenile adult
Optimum and 15(5) 15(2):; L
[range] (19—15) 4
(ll-l7) 7
*Max. with excess food
lll. Reproduction: optimum range month(s)
Migration _7'16 4
Spawning 7-13 Fall 6
lncubation
and hatch
acclimation ' I
IV. Preferred: temperature larvae juvenile adult
Summer 15 3
 
lReferences on following page.
 
 SOCKEYE SALMON
REFERENCES
Brett, J.R. 1952.
Oncorhynchus. J.
Temperature
tolerance
in
young
Pacific
salmon,
genus,
Fish.
Res.
Ed.
Can.
92265—323.
Griffiths,
J.S.
and
D.F.
Alderdice.
1972.
Effects
of
acclimation
and
acute
temperature
experience
on
the
swimming
speed
of
juvenile
coho
salmon.
J.
Fish.
Res.
Ed.
Can.
29:251—264.
Ferguson, R.G. 1958.
summer
distribution
in
temperate
lakes
and
streams.
Can. 15:607—624.
The
preferred
temperature
of
fish
and
their
mid—
J. Fish. Res. Ed.
Burrows, R.E. 1963.
ductivity of salmon.
Water Poll. Res.
Water
temperature
requirements
for
maximum
pro-
Proceedings
of
the
12th
Pacific
N.W.
Symposium
on
Shelbourn,
J.E.,
J.R.
Brett
and
S.
Shirahata.
1973.
Effect
of
temperature
and
feeding
regime
on
the
specific
growth
rate
of
sockeye
salmon
fry
(Oncorhynchus
nerka)
with
a
consideration
of
size
effect.
Jour.
Fish.
Res. Ed. Can. 30:1191-1194.
Anonymous.
1971.
Columbia
River
thermal
effects
study.
V01.
1,
Environ—
mental Protection Agency.
Donaldson,
L.R.
and
F.J.
Foster.
1941.
Experimental
study
of
the
effects
of
various
water
temperatures
on
growth,
food
utilization
and
mortality
of
fingerling
sockeye
salmon.
Trans.
Am.
Fish.
Soc.
70:339-346.
169
 
 FISH TEMPERATURE DATA
    
Species: Striped bass, Morone saxatilis
acclimation _ . ,
,
l. Lethal threshold: temperature
larvae
iuvenile
adult
reference
1“:
Upper
not qt'ven
35*
28**
2
*Laboratory
Lcwver **Field observation
ll. Growth:
larvae
iuvenile
adult
Optimum
and
__-__
_
_
_
[range]
_
_
_
Ill. Reproduction:
optimum
range
month(s)
Migration
_‘W_
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Spawning
l6—l9 2 _
12-22llt
Apr-June“)
l,2
Incubaﬂon
and hatch 16-24 1
acclimation .
lV.
Preferred:
temperature
larvae
mvenile
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5
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3
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3
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2§_
3
28
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n
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at
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e
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. .some survival
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Consequently,
this
o
b
j
e
c
t
i
ve
would
result
in
lower
than
optimal
c
o
n
d
i
t
i
o
n
s
for
the
channel
catfish,
bluegill
and
largemouth
bass.
An
a
l
t
e
r
n
a
t
e
a
p
p
r
o
a
c
h
wo
ul
d
be
to
d
e
ve
l
o
p
o
b
j
e
c
t
i
ve
s
for
the
single
most
important
species
even
if
the
most
sensitive
is
not
well
protected.
The
c
h
o
i
c
e
is
a
s
o
c
i
o
—
economic one.
Before
developing
a
set
of
objectives
such
as
in
Table
3,
one
should
study
the
material
in
Tables
1
and
2
for
the
species
of
concern.
In
this
example
it
is
evident
that
the
lowest
objective
for
summer
growth
for
the
species
for
which
data
are
available
would
be
the
white
crappie
(28
C).
How—
ever,
there
is
no
s
h
o
r
t
—t
e
r
m
m
a
x
i
m
u
m
since
the
data
are
not
available
(see
Fish
Temperature
Data
Sheets).
For
the
species
for
which
there
are
data,
the
lowest
short-term
maximum
is
for
the
largemouth
bass
(34
C).
In
this
example,
we
have
all
the
necessary
data
for
spawning
and
short-term
maxima
for
embryo
survival
for
all
species
of
concern
(Table
2).
During
the
winter,
objectives
may
be
necessary
both
for
the
heated
plume
or
mixing
zone
as
well
as
for
the
receiving
water.
Receiving
water
objectives
wo
ul
d
be
n
e
c
e
s
s
a
r
y
if
an
important
fish
species
were
known
to
have
gamete
m
a
t
ur
a
t
i
o
n
r
e
q
ui
r
e
m
e
n
t
s
like
the
ye
l
l
o
w
perch,
or
embryo
incubation
require—
ments
like
trout,
salmon,
cisco,
etc.
In
this
example
there
is
no
need
for
r
e
c
e
i
v
i
n
g
w
a
t
e
r
o
b
j
e
c
t
i
v
e
s
in
the
w
i
n
t
e
r
.
At
this
point,
we
are
ready
to
c
o
m
p
l
e
t
e
Table
3
for
our
first
example.
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 TABLE 3
OBJECTIVES FOR EXAMPLE 1
 
MA
XI
MU
M
WE
EK
LY
AV
ER
AG
E
TE
MP
ER
AT
UR
E
(°
C)
 
m
 
«
r
a
w
.
2
:
q
"
i
f
”
‘
~
~
 
MO
NT
H
Re
ce
iv
in
g
Wa
te
r
He
at
ed
Pl
um
e
DE
CI
SI
ON
BA
SI
S
Ja
nu
ar
y
——
a
15
Fi
gu
re
2
Fe
br
ua
ry
—-
a
25
Fi
gu
re
2
Ma
rc
h
——
a
25
Fi
gu
re
2
Ap
ri
l
18
--
Wh
it
e
cr
ap
pi
e
sp
aw
ni
ng
Ma
y
21
——
La
rg
em
ou
th
ba
ss
sp
aw
ni
ng
Ju
ne
25
—-
Bl
ue
gi
ll
sp
aw
ni
ng
an
d
white crappie growth
Ju
ly
28
——
Wh
it
e
cr
ap
pi
e
gr
ow
th
Au
gu
st
28
——
Wh
it
e
cr
ap
pi
e
gr
ow
th
Se
pt
em
be
r
28
——
Wh
it
e
cr
ap
pi
e
gr
ow
th
Oc
to
be
r
21
—-
No
rm
al
gr
ad
ua
l
se
as
on
al
decline
No
ve
mb
er
——2
25
Fi
gu
re
2
De
ce
mb
er
-—
15
Fi
gu
re
2
MO
NT
H
SH
OR
T—
TE
RM
MA
XI
MU
M
DE
CI
SI
ON
BA
SI
S
Ja
nu
ar
y
No
ne
ne
ed
ed
——-
Fe
br
ua
ry
No
ne
ne
ed
ed
——
—
Ma
rc
h
No
ne
ne
ed
ed
———
Apr
il
26
Lar
gem
out
h
bas
s
(estimated)
May
29
Lar
gem
out
h b
ass
(estimated)
June
34
Lar
gem
out
h b
ass
b
Jul
y
34
Lar
gem
out
h b
ass
:
Aug
ust
34
Lar
gem
out
h b
ass
Sep
tem
ber
34
Lar
gem
out
h b
ass
b
Oct
obe
r
29
Lar
gem
out
h b
ass
b
Nov
emb
er
Non
e
nee
ded
-——
De
ce
mb
er
No
ne
ne
ed
ed
———
  
.
.
I
.
-
.
)
W
 
3If
a s
pec
ies
had
req
uir
ed
a w
int
er
chi
ll
per
iod
for
gam
ete
mat
ura
tio
n o
f e
gg
inc
uba
tio
n,
rec
eiv
ing
wat
er
obj
ect
ive
s w
oul
d a
lso
be
req
uir
ed.
bNo
dat
a
ava
ila
ble
for
the
sli
ght
ly
mor
e
sen
sit
ive
whi
te
cra
ppi
e.
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 EXAMPLE 2
A
l
l
o
f
t
h
e
g
e
n
e
r
a
l
c
o
n
c
e
r
n
s
a
n
d
d
a
t
a
s
o
u
r
c
e
s
p
r
e
s
e
n
t
e
d
t
h
r
o
u
g
h
o
u
t
t
h
e
d
i
s
c
u
s
s
i
o
n
a
n
d
d
e
r
i
v
a
t
i
o
n
o
f
E
x
a
m
p
l
e
1
w
i
l
l
a
p
p
l
y
h
e
r
e
.
1.
S
p
e
c
i
e
s
to
b
e
p
r
o
t
e
c
t
e
d
b
y
t
h
e
o
b
j
e
c
t
i
v
e
s
:
T
h
e
y
w
i
l
l
b
e
t
h
e
r
a
i
n
b
o
w
a
n
d
b
r
o
w
n
t
r
o
u
t
a
n
d
t
h
e
c
o
h
o
s
a
l
m
o
n
.
L
o
c
a
l
s
p
a
w
n
i
n
g
s
e
a
s
o
n
s
f
o
r
t
h
e
s
e
s
p
e
c
i
e
s
:
T
h
e
y
a
r
e
N
o
v
e
m
b
e
r
t
h
r
o
u
g
h
J
a
n
u
a
r
y
f
o
r
r
a
i
n
b
o
w
t
r
o
u
t
;
a
n
d
N
o
v
e
m
b
e
r
t
h
r
o
u
g
h
D
e
c
e
m
b
e
r
f
o
r
t
h
e
b
r
o
w
n
t
r
o
u
t
a
n
d
c
o
h
o
s
a
l
m
o
n
.
N
o
r
m
a
l
a
m
b
i
e
n
t
w
i
n
t
e
r
t
e
m
p
e
r
a
t
u
r
e
:
In
t
h
i
s
e
x
a
m
p
l
e
it
w
i
l
l
b
e
2
C
in
N
o
ve
m
b
e
r
through
February
and
5
C
in
October,
March
and
April.
T
h
e
p
r
i
n
c
i
p
a
l
g
r
o
w
i
n
g
s
e
a
s
o
n
for
t
h
e
s
e
f
i
s
h
s
p
e
c
i
e
s
:
T
h
i
s
w
o
u
l
d
b
e
J
u
n
e
t
h
r
o
u
g
h
S
e
p
t
e
m
b
e
r
.
Consider
any
local
e
xt
e
n
ua
t
i
n
g
circumstances:
There
are
none
in
this example.
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TABLE 4
OBJECTIVES FOR EXAMPLE 2
MAXIMUM WEEKLY AVERAGE TEMPERATURE (°C)
    
MON
TH
Rec
eiv
ing
Wat
er
Hea
ted
Plu
me
DEC
ISI
ON
BAS
IS
Janu
ary
9
10
Rain
bow
trou
t sp
awni
ng a
nd
Figure 2
February 13 10 Normal gradual seasonal
rise and Figure 2
March 13 15 Normal gradual seasonal
rise and Figure 2
April 14 15 Normal gradual seasonal
rise and Figure 2
May 16 -— Normal gradual seasonal rise
June 17 -— Brown trout growth
July 17 —— Brown trout growth
August 17 —— Brown trout growth
September 17 —- Brown trout growth
October 12 15 Normal gradual seasonal
decline
November 8 10 Brown trOut spawning and
Figure 2
December 8 10 Brown trout spawning and
Figure 2
MONTH SHORT—TERM MAXIMUM DECISION BASIS
January 13 Embryo survival for rainbow trout
and coho salmon
February 13 Embryo survival for rainbow trout
and coho salmon
March 13 Embryo survival for rainbow trout
and coho salmon
April —- ——
May —— -—
June 23 Short—term maximum for brown
trout survival
July 23 Short—term maximum for brown
trout survival
August 23 Short-term maximum for brown
trout survival
September 23 Short-term maximum for brown
trout survival
October —— ——
November 13 Embryo survival for rainbow trout
and coho salmon
December 13 Embryo survival for rainbow trout
 
and coho salmon
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